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Bright Normalizing and Annealing of Tubing 


SUPER-FAST GAS QUENCH 











SUPER-FAST GAS QUENCH @ Every foot of aircraft tubing is inspected immedi: 


after the final anneal or normalizing heat treatment 
Surface’s background and knowledge of con- would be impossible if scale or oxide were presen § 9 
trolled atmospheres and convection cooling 
made possible the development of the super- 
fast gas quench for welded aircraft tubing 
X-4130, Of most importance, this develop- 


the surface of the tube. Therefore it must be bright: 
malized or annealed. 


The first Surface Combustion Bright Normalizing 


ment made possible the use of welded aircraft Annealing unit was installed in 1934 and since that: 

tubing which heretofore had limited use in there have been more than 30 units placed in opera 

° ° . + 

ircraft co ‘tion. . . . . 

Cems an in tubing plants. These are of the radiant tube, ' 
Bright normalizing and annealing together : 


with the super-fast gas quench will find other hearth type wtmnng DX poapeses stmanpiene co Pp 
applications of equal importance to postwar scale or oxide on the metal surface. The importa 
production. Consult Surface Engineers on 
problems that you may have. that 24 of the total units installed were made since ! 


The Moat Praatert tblpsing Hentd 


this development to the war effort is indicated by the 


| 






Standard and Special Industrial Furnace Equipment for 
Forging, Normalizing, Annealing, Hardening, Drawing, 
Carburizing, Nitriding and Heating. Special Atmosphere 

Generators. Write for bulletins. 
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Measuring enamel thickness with 
an electric gauge. 


TI-NAMEL 


Another New Creation by Inland 
Steel Company’s Research 
Laboratories 


The long awaited porcelain enamel- 
ing base, which eliminates the neces- 
sity for a ground coat, is here! [t is 
Ti-Namel, the new titanium alloy 
steel—the newest creation by Inland’s 
research laboratories. 

Ti-Namel is superior in every re- 
spect to older ty pes of base metals. 
Its drawing properties are equal to 
the best deep-drawing steels. It does 
not age strain no matter how long it 
remains in storage before fabrica- 
tion. Inland Ti- Namel Steel does not 
reboil. Therefore vitreous enamel 
finishes, equal to the best multi-coat 
ware, are obtained with white or 
color coat enamels applied direct to 
the base metal. This results in a 
thinner coat which reduces chipping 


hazards and increases the service- 
life of the ware. 

Ti-Namel reduces reoperations, 
edging, and scrap. It is fired at lower 
temperatures, and in less time. In 
short, Inland Ti- Namel Steel in- 
creases shop output, lowers manu- 
facturing cost, and assures superior 
vitreous enameled ware. 


Pending patent applications on the new enameling 


process and product made thereby, are owned jointly 
by Inland Steel Company and The Titanium Alloy 
Manufacturing Company under trust agreement 


Write for copy of the Ti- Namel 
Bulletin and licensing agreement. 
Inland Steel Company, 38 South 
Dearborn Street, Chicago 3, Illinois. 
Sales Offices: Cincinnati. Detroit, 
Kansas City, Milwaukee, New ¥ ork, 
St. Louis, St. Paul. 


INLAND STEEL 
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TOTES ABOUT SOME 





‘EEL CARTRIDGE CASES 





ADE IN GERMANY 





+ 

‘to BRIEF REPORT about 
nan cartridge cases made of steel will not 
uss how a metal cartridge works in the gun 


ing and after firing, and why brass is more 


factory than steel, but will merely attempt 
escribe briefly some steel cases made and 
by our enemy, and studied by American 
allurgists. There is no information available 
publication as to maximum and minimum 
‘ances on cartridges, complete rounds, or 
ch mechanisms of the guns in which they 
> to be used, nor of the firing history (number 


toppages from stickers), but it is only reason- 


to conclude that the German military men 
ld accept no product as early as 1934 that 
d not be manufactured in quantity or could 
be used in the field with success. 


brass rivet at the center of the base, this rivet 
being countersunk with a recess for the primer. 
Variety A (Fig. 1) is a brass cup with thin base 
riveted to a round steel plate acting also as an 
extractor ring. Variety B (not sketched) was 
the same except that the cup was also of steel, 
spot welded to the base plate. Variety C (shown 
in Fig. 1) much the as B with the 
addition of a short, tight-fitting brass cup lining 
In variety D (Fig. 1) the 


was same 


its bottom, inside. 
shell was pressed into a machined steel ring; 
examples were found where the shell was of 
brass, others were of steel. These cases were a 
the steel walls were 0.030 
thick at the 


base. Chemical analysis indicated a medium hard 


little over 9 in. long, 
in. thick at the mouth and 0.045 in. 





Composite Cases for Larger Calibers 
ll the cartridges of recent manufac- 
lor moderate calibers are one-piece ] 
could readily be drawn from plain 
inged disks, in a manner quite | 
the | 
Ss, with the exception of a stubby 


ogous to manufacture of brass 

| 
lor a 105-mm. howitzer which was | 
This will be 


e in four pieces. | 
ribed at the outset, since it is similar 
| 





¢ multi-piece cases for 77-mm. field 
used by the Germans during the 
r years of the first World War, and 
1 lo many experimental designs 
Stigated by the American Ordnance 






































riment some four or five years ago. 


} _ . ~* 
rhe accompanying sketch, Fig. 1, 
iematically the old German 


n ses. At least five 


varieties 
oversized 


Fig. I- 
German Cartridges for 77-Mm. Field Gun, With 
Steel or Brass Skirt, Steel Plate or Ring for Base, 
and Brass Rivet for Primer Socket and Passages 


Sketch of Multi-Piece Construction of 1918 





all utilizing an 
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The original prope 


Fig. 2— Exploded Sketch of Four- the steel plate from wh | 
| 





Piece Steel Case for 105-Mm. How- 4%e" Dia cup Was drawn, as judged 
x 53/4 High a sample cut from th 





itzer, Made in Germany in 1937 
were 48,000 psi. yield at 7 
0100" . =p oi 
offset, 13 elongation in ? | 
Lock Nut and 133 Vickers hardnes 


steel: 0.35 carbon, 0.25% silicon, 





ED The correspondin pr ; 


0.805 manganese. 





In passing it might be men- properties for the casi 





¥8* Collar 
c—’" —_— drawn sidewall near tl ’ 


tioned that the Germans were mak- 
were 98,000 ultimate s| 


ing in 1918 a cartridge for a 0.30-in. ' 
caliber rifle, drawn of copper- 78,000 yield strength a! S 


coated, 0.15% carbon steel. Its offset, 4°% elongation and ‘ if 
hardness in the sidewall near the Vickers hardness. Thes ) 
J 




















‘ , ‘ ‘ & ‘ieker A rr ‘ > ile : ™ , 
base was about 180 (Vickers Forged Base very low tensile and ha ) 
10-kg.). The copper coating varied values, in view of An r 
from 0.0006 to 0.0025 in. thick on ideas of what is necess n 
the outside and 0.0008 to 0.0011 in. inside.) avoid permanent expansion at the mon sey 

Some elements of the old design (variety D firing, resulting in a “sticker”, or at least el 
of Fig. 1) can be seen in the 1937 German case that can be extracted only with difficulty te in 
for 105-mm. howitzer. An exploded view of this One-piece cartridges of steel have be i 
four-piece assembly is shown in Fig. 2. The shell by Germans in quantity In all sizes fi 

is very short, being only about 5%, in. high and ones for 0.20-mm. Mauser and Oerlikon g S 
t'» in. diameter; it was evidently cold drawn 210-mm. mortars, the latter being larger th pli 
from a disk of 1010 steel (C 0.10°, Mn 0.42%, fixed ammunition used by the U. S. Army : 

Si 0.08, Cu 0.10) in pearlitic condition. No 20 samples of 50-mm. cases, captured al \ 
mouth anneal was necessary. The base was times and places, were studied at Fra _ 
machined of a 1040 upset forging. A waxy sub- Arsenal. A scaled drawing of one is sh i 
stance was used for a seal at the joints. All parts Fig. 3, photographs at about *; size of bas 
had a thin brass coating all over. sides of a typical sample in Fig. 4, mac Is 
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Fig. 3 — Dimensions of Typical 50-Mm. German Steel Cartridge, 1940 Manufacture 





Vetal Progress; Page 492 





hict 
Fe 
T 
al 
l 
les 
pl 
t ‘ 
‘h 
al 
al 
hes 
la 
m 
SS 
tT 
[ 
7 
it 
ld 
\ 
a 
l 
iS ‘ 
* . 





, magnified two diameters in Fig. 5 (page 494), 
j ty | microstructures at standard positions in Fig. 6. 
5 ». Tank-Gun Ammunition— Summarizing the 

reports on 50-mm. steel-cased ammunition, we 


it ite of manufacture to be 1940 to 1942. Most of 
. ‘ted with armor piercing shot and designed for 
b | 1k guns. All of it is made of a composition fall- 

n the chemical specifications of W.D. 1010; man- 
res s around 0.40%, silicon around 0.10%, nickel, 


m and molybdenum at a few hundredths only. 
st of the analyses show more than what would be inci- 
ital copper in American practice, some going as high as 
5% Cu, apparently an intentional addition (perhaps to 
atmospheric corrosion resistance), since the low 
iduals of other common alloying elements indicate 
nufacture from blast furnace iron or very carefully 
bregated scrap. The early steels were aluminum-killed; 
er there is enough titanium appearing in the analysis 
indicate its intentional use as a deoxidizer and to control 
nin size to 7 or 8. Inasmuch as miniature impact pieces 

from heavily worked sidewalls show good toughness 
s probable that the metal is of a “non-strain-aging type” 
bich retains its toughness after cold work and aging. 

Original condition of the disk was sometimes pearlitic 
rolled) but more often partially spheroidized. This is 
erred from the observed microstructure at the base, 
sition E, Fig. 3 and 6, where little or no cold work has 
ndone. (An exception is one sample of extra long car- 
lge case 15.2 in. long which was made from a com- 
blely spheroidized disk.) Some designs having a massive 
mer pocket were probably made from a_ pre-formed 
k, allhough most of them were doubtless cupped and 
iwn from a plain disk according to conventional prac- 
e. The contours between base and inside sidewall are 
ally smooth and unscratched by punch marks; deep 














Fig. 4 — Base and Side Views of Typical 50-Mm. Steel Cartridges. Sur- 
face appearance would hardly be acceptable to American inspectors 
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etched cross-sections such as Fig. 5 show no folds 
in the structure, indicating that careful press 
work and die design have avoided this common 
defect. The extraction flange is formed by bump- 
ing and flowing metal sideways in the base, after 
Since the micros 
in Fig. 6 show the carbides in the sidewalls to be 


which the base is machined flat. 


completely spheroidized, even though the blank 
had some pearlite at the start, it is probable that 
the anneals between drawing operations were in 
the neighborhood of 1250° F.; possibly a final 
strain relief at about 900° F. was also given the 










were electroplated, inside and out, with | 
70:30 or 80:20 composition. Some were gir. 
preliminary copper flash. The inside a 
required a conforming electrode; thick Sheed 
from 0.15 to 0.3 mil, but all the coatings », 
porous they afford little real protection to y 
atmosphere. 


Tag 


Inside coatings, however, ap 
much to prevent sparking during loading 
tions as to prevent reaction between metal ; 
propellant. 

These shells, for what may be called » 
caliber artillery, are fairly representative of 














Fig. 5 — Macrostructure (Twice Size) of Base Section, 50-Mm. Steel Cartridge, Shows Flow 
Lines Characteristic of Carefully Designed Sequence of Pressing Tools and Drawing Die: 








cases. The last cold draw was enough to boost 
the strength and hardness of the metal in the 
sidewall 1 in. 


values: 


above the base to the following 


Properties of Steel Sidewalls, 1 In. Above Base, 
50-Mm. Caliber 


} 





AVERAGE RANGE 


Ultimate strength | 103,000 psi.| 95,400 to 110,000 psi. 
0.1% yield point* | 79,000 psi.| 75,000 to 87,000 psi. 
Elongation in 2 in. | 3.7% 3.3 to 4.3% 
Vickers hardness | 198 190 to 210 











*Compare this with early American experi- 
ence which indicated that steel cases with a 
yield of 85,000 to 90,000 gave a prehibitive 
number of “stickers”, whereas cases with yields 
of 115,000 psi. extracted easily. 


Cartridges of this sort are necked to a con- 
siderable degree and have a small mouth; the 
mouth end is therefore annealed so it can readily 
be crimped around the projectile. Hardness at 
this end is 160 to 180 (Vickers 15-kg.). 

As to protection, all these 50-mm. cartridges 
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of the cartridges were made of partly spheroit! 
disks. 

























man practice for both larger and smaller cali 

20-Mm. Steel Cases — Eight different capt 
of 0.20-mm. ammunition have also been stud 
much of it for Mauser and Oerlikon guns. 
tendency is to use steel with somewhat higf} 
carbon content; 0.15% carbon is common, si 
times 0.20% is noted. One analysis of a Maw 
cartridge made in 1940 shows 


i 
. 
« 
7 
-§ 
1 
i 


Carbon 0.20% 


Manganese 0.47% 
Silicon 0.20% 
Nickel 0.10% 
Chromium 0.05% 
Copper 0.17% 


Some of these designs require extra be 
metal in the base, up to 0.60 in. Cupping o! ® 
a thick disk would be so difficult it is likely ® 
a cold extrusion process was used. This is‘ 
gested by the lack of flow lines characteris! 
hot forged pieces on an etched cross-section. | 
by the hardness near the primer cavity. 

Despite the higher carbon in the stee!s, ™ 


A wide variety of manufacturing rou” 











lou 





ermosetting resin. 


Sterior condition of the steel 











re ntly followed. Most cartridges were mouth 
- , 160 Vickers, but two samples were not mouth 
be: measuring 200 Vickers at the end. Maximum 
rd ff sidewalls, near the annealed mouth, went as 
H) 11, although 200 to 210 for the wall mid-length 
11 the base is more nearly representative. (This is 
, units lower than desired in American 20-mm. 
5] nunition.) Corresponding tensile properties for 


hordness are 95,000 psi. ultimate and 80,000 psi. yield 


extension). The yield point in the metal in the 
1] therefore just about what it is in the average 
mm. case quoted in a previous paragraph. 


the above figures do not seem to be rigid 
uirements. An Oerlikon cartridge, for example, made 
1940 of a 1020 spheroidized steel disk, evidently received 
ery high stress relief anneal, because the ferrite grains 
the heavily cold worked sidewalls were equi-axed. This 
tridge had low hardness of 160 at the mouth, 185 in 
sidewall near the base, and 185 in the base. 

Much better protective coatings exist on these car- 
dges, as compared to the brass plating on the 50-mm. 
disks copper 


However, 


me were made of coated on both sides. 
hers were given a phosphate treatment and dip coated 
th lacquer, 0.2 mil thick. Others were coated with a 
A report on German ordnance by the 
ar Metallurgy Committee, published in Metal Progress 

t month, suggests that the elimination of brass coatings 
as a measure designed to save the last ounce of copper. 

a matter of fact, the phosphatic and lacquer coatings 
a better job of corrosion protection, as judged by the 
cases when they reached 
ierican laboratories. 

One-Piece Cases for Larger Calibers 
ells, for example, 75-mm. (28 in. 
re made from 0.10% 
a pearlitic blank, 


Larger caliber 
long) and 88-mm., 
carbon steel, evidently soft enough 
either 


as-rolled or normalized, could 





Fig. 6— Typical Microstructures of German 50-Mm. 
Steel Cartridge Case. Completely spheroidized car- 
bides in cold worked walls; pearlite in base where defor- 
mation has been moderate. Positions located in Fig. 3 








Position E 


Base; 





a = % ‘ 
- . m a af — 
=~ * ot 4 ~ a es ae : 





Position A 


Mouth; 


4 
pape 7 > a 


i e \ 

= : od 4° - 

© @ BAe ost am ’ sah 

° — eg , 

—— = ys ? o- a > 
— os f > 
oe ; > rae eo al ‘ 

e —<c - 
~~ _ . ann © 
_ — “ _2¢o8 ~ 
an — a “ 
~~ eo > * » 
- = a, 7 , =* 
Position B 
, —_— 
—_ FP < . 
” = 
“a * 
- a -_— 
> — - nia ~i i “ 
- nn a 
- 
7 Pd 
~ =< 
- 
- ~far ~ ¥ ” 

a a ——— 

~ ——— = a-?e~ ~ 

— . r~ — , 

par tl" Te > a 

: =~ " mend eo * 
Position C 

. _—- 2 o> = -“ 

L , i « 

ine * 2s . 

7 » # — ~— ea e™ » 
- . 
. Fd o 
oo - 
~ a 
- 
. -_ J q- 4 
ll 
Se 
4 . “i < 
- 
-~ a . 
4 — S 
tind 
— - 
ewe... - 
por” - > a 
> ~ Pd a zs? . 


Position D 





March, 1945; 


Page 495 





ence may not be significa 
These cartridges were also bry 
plated, inside and out. 


Finally, some notes 


Properties of Steel Case for 210-Mm. Mortar Ammunition 





SIDEWALL, BELow MovuTH 


MouTH BASE 


n th 
210-mm. mortar shell will | 
interesting. This 16% j 
long, and was made of a sply 
roidized steel disk, *4 in. thid 
of 1015 basic steel, 
killed. It was plated inside a 
out with 0.2 mil of 70:30 bras 
It was made in 1941. 
gave the results tabulated at left, above. 

In conclusion, it may stated that t 
Germans, faced with a serious shortage of « 
tridge brass, had started at least 10 years ag 
make fixed ammunition with steel cases, and | 
1940 had developed the manufacturing technigq 
from 


4 IN. 11 IN. 14 IN. 


0.150 is 

108,000 

86,000 
5.4 


220 


0.110 

111,000 

81,000 
4.6 


297] 


0.061 
118,000 
107,000 

4.7 


232 


0.75 
72,000 
68,000 
15.0 

160 


Thickness, in. 

Ultimate strength, psi. 
0.1% yield, psi. 
Elongation in 2 in., % 
Vickers hardness (30 kg.) 


113,000 
94,000 
5.1 


234 


Silico 











be used. Deep etching of the cross-section showed Test pieces cut from 


that metal had usually been “gathered” along the 


and sidewall, a be 


curved junction between base 
matter condemned by some American ordnance 
officers because of their belief that it is the cause 
of “head splits” when such ammunition is fired. 

The &8&-mm. somewhat 
thinner in the wall, especially near the base, than 
its brass counterpart —a fact of interest. 
Physical properties and hardnesses are much like 
those quoted for the 50-mm. cartridge, a little 
higher than the average, although the small differ- 


steel cartridge is 


to where steel-cased ammunition smal 
to largest calibers could be made in very lar 
quantities and used by troops in combat int 


changeably with such of the older brass-cas 


some 


ammunition as was available. 





STRESS - CORROSION TESTS OF BRIDGE CABLE WIRE 





materials were st 
stressed by changing 
curvature of the wire. In 
cases the 24-in. long specime 
were bent to smaller radii cal 
lated to produce stresses of giv 
magnitudes and held in that pos 
tion by tying their ends togethe 
with a bow-string; the center! 
the curvature was dipped into t! 
corroding medium. The Por 
mouth wire would be subjected 
extreme fiber stresses exceed 
200,000 psi. merely by straight 
ing. Accordingly, some specim 


cable wire 


cally 


Standards 
experi- 


Bureau of 
to produce 
mentally the same type of frac- 
tures (thought to be caused by 
“stress corrosion”) that occurred 
in service. These breaks were 
without “necking”; the fractured 
surface was diagonal in one or 
both directions at an acute angle 
with the length of the wire, but 
ended at both ends in a short 
square break. All of the cracks 
observed in the bridge occurred 
in the concave side of the curva- 
ture of the wire. This side would 


at the 
endeavored 


ies 

was installed in the General 
Grant bridge at Portsmouth, Ohio, 
in 1927, but had to be replaced 
some 12 years later because a num- 
ber of breaks were discovered, 
most of them at the anchorage 
shoes. This wire was manufac- 
tured of high carbon steel and by 
methods such as those commonly 
used for this well-known material 
of construction with the exception 
that the wire was bare, not galva- 
nized. They were replaced by 
cables spun of galvanized wire. 


eae DRAWN BRIDGE WIRE 


Some studies made at Carnegie 
Institute of Technology of the dis- 
mantled wire indicated that the 
wire, where not corroded, should 
be satisfactory for this service. 

Of the corroded specimens 
examined, only those at the 
anchorage shoes seem dangerously 
brittle. At these locations, the 
wire appears to have been sub- 
jected to a combination of stress 
and corrosion, resulting in stress- 
corrosion cracks. Specimens from 
other locations, in spite of corro- 
sion, seem as yet to have suffered 
no important deterioration in 
mechanical properties. The stud- 


be under tension if the wire were 
straightened out in a cable, since 
the wire “lay dead” at a curvature 
of 10 to 12% in., a curvature due 
to internal stresses and strains set 
up in reeling the wire. A few 
comparative tests were also made 
samples of the heat treated 
wire taken from the dismantled 
Mt. Hope bridge, not only with its 
original zinc coating, but also 
after this had been stripped off to 
expose bare steel. 

Specimens of the several bridge 


on 


*By Rolla E. Pollard. Abstract of 
Research Paper 1604, National Bureau 
of Standards, September 1944. 
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of this wire were 
a straight position by 
the ends to a piece of wo 
middle one-third of whic 


been partially cut away as ile 
The ends 


trated in Fig. 5. 
protected by molten tar. 

Tests were made in 
water and in various 
While the latter had salts 
siderably higher conce! 
than occur in rain wate 
solutions could easily be 
from rain water due to 
evaporation of water seepl! 


the anchorage or cable covert 


(Continued on page 5 
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wer 
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solutions 
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SELECTION OF BAR STEEL 





SED AS-ROLLED OR DRAWN 





B, R STEELS not to be heat 
eated are normally limited to carbon steels 
ch as the plain carbon grades ranging from 
A.E.1010 to approximately 1050, the bessemer 
d openhearth screw steels, and the carbon- 
anganese grades. Any of these steels are avail- 
jle in two forms or conditions, namely, hot 
led and cold finished. 

Hot rolled bars may be ordered with a speci- 
“i grain size, tensile properties, minimum 
undness, uniformity of composition or other 
strictive requirements intended to produce steel 
adequate characteristics for a given purpose. 
his material may be specified annealed, stress 
lief annealed, machine 





By John H. Frye, Col. 
Assistant Chief, Research and Materials Division 
Research and Development Service 
Office of Chief of Ordnance 
Washington, D. C. 





the nature of the part is such that a moderate 
amount of machine work must be done, such as a 
step-down shaft, it is normally economical to use 
hot rolled bars. However, in the manufacture of 
many small mechanical assemblies there is usu- 
ally considerable machine work involved, and 
hot rolied bars are not particularly adaptable; 
their use in screw machines is not recommended. 
During the depression years attempts were made 
to reduce costs by using hot 
rolled instead of cold drawn bars 





it, or machine straight- 
ved. Surface condition 
hay be specified as-rolled 


This is the second part of a 


for the production of screw 
machine parts. Special collets 


r pickled. When pickled lecture given in an educa- had to be obtained to prevent 

e scale is removed by tional course presented last slippage because of variations in 

‘id solutions and usu- winter by the New York size and out-of-roundness. How- 

ly, to prevent corrosion Chapter ©. Itis not to be ever, the fine scale, even from 

transi . s “eo > ee . ic » ars, i) > yi _c Cn 
it, subsequent regarded as the official view- pickled bars, mixed with the cu 


iling or liming is also 


ecified. 


point of the Ordnance Dept., 


ting oil to form an excellent lap- 
ping compound, which worked 


The properties and U. S. Army, but as represent- havoe with the machine bearings 
haracteristics of hot ing Col. Frye s personal opin- and tools. Also, as illustrated 
led bars are generally ions. The first part discussed in Table I on the next page, it 
ell understood: further- the selection of plate steel. and is necessary to machine off about 
ore th > rari N ‘ ™ . ) oO | . reig "le. £ 

le various hand was printed last October. 12% of the weight to clean up a 


Oks of steel producers 





bar if it is to be machined from 
hot rolled steel. The amount of 








md technical reports 
ver the data thoroughly. 

Hot rolled bars in these grades should be 
sed when their physical properties are suitable, 
hen surface appearance and extreme accuracy 
P size and section are unessential, and when 
mite’ machining is to be done upon them. If 


machine work involved in pro- 
ducing the finished part will often indicate the 
economic selection. Consideration must also be 
given to the difference between purchase price of 
bar steel and selling price of chips, and to freight, 
handling and inventory charges. 
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Table I— Size and Eccentricity Tolerances for Some Representative 


Bar Sizes, With Allowances for Turning 


resulting from the improved surfag 








SIZE OF 
RounD 


1 in. Hot rolled 


SIZE 
TOLER- 
ANCE 


. =CCEN- 
FINISH ECCE For TURN- 


-0.009'0.013 Ys 
Cold drawn —0.002)0.001* None 
Ground and polished |—0.002 None 
Hot rolled +e (0.023 16 
Cold drawn 0.003) 0.0015* None 
Turned and ground 0.002) 0.001* None 
Hot rolled +A 10.035 ly 
Cold drawn 0.004, 0.002* None 
Turned and ground -0.003) 0.0015* None 
Hot rolled + (0.046 4 
Cold drawn 0.004) 0.002* None 
Turned and ground 0.003 0.0015* None 


| ALLOWANCE | AMOUNT 
or METAL 
TRICITY | iG To SIZE | IN CHIPS 


Turned and Ground Bars are sin). 
lar to turned and polished, except tha 
instead of burnishing the bars ap 
12% passed through a centerless grinde 
one or more times. The size accurag 
is slightly closer than turned and p 1 
ished bars, and the surface has a mop 
satiny finish. Tensile properties an 
machinability are not changed frop 
those of the hot rolled material. 

Cold Drawn and Ground Bars ay 
drawn through a die and finished }y 
one or more passes through a center. 
less grinder. This product is some 








*No commercial standard; figures are maximum that may be expected. 


Manufacturing economics are often the decid- 
ing factors in the selection between hot rolled and 
cold finished bars. Cold finished bars cost con- 
siderably more, and this difference in cost must 
be compensated for by reduced fabricating costs 
or increased performance in use. 


Cold Finished Bars 


Cold finished steel bars are known for their 
smooth finish, close dimensional tolerances, and 
improved machinability. However, it has only 
been in the last few years that they have been 
widely used by designers as an engineering 
material. 

“Cold Finished Bars” 
tively to describe a group of products manufac- 
tured from hot rolled rounds, flats, hexagons, 
squares, or special shapes, by cold drawing, turn- 
ing and polishing, turning and grinding, or cold 
drawing and grinding. The characteristics of the 
product of each method of manufacture may he 
briefly described. 

Turned and Polished Bars are hot rolled bars 
turned in a special purpose lathe and polished by 
passing through hardened burnishing rolls. A 
bright mirror-like surface finish is produced, 
together with extreme accuracy to size and con- 
centricity. Since the surface working by the 
burnishing rolls is quite superficial, the physical 
properties and machinability are essentially the 
same as the hot rolled bar from which it was 
produced. Likewise there will be little if any 
warpage or loss in straightness when turned and 
polished bars are slotted or otherwise eccentri- 
cally machined. The burnishing rolls do create 
compressive stresses in the extreme outer fibers, 
thus materially increasing the endurance limit in 
bending, if the highest stressed portions retain 
the mill finish. This is in addition to advantages 


is a term used collec- 


times known as jeweler’s rod, need 
bar, piston rod, and perhaps othe 
terms descriptive of important uses. There is, 
marked increase in physical properties, in adéi. 
tion to the straightness, finish, and accuracy | 
size and concentricity. Unless strain anneale( 
after cold drawing and prior to grinding, eccentr 
machine work will cause the bar to warp con. 
siderably. Since bars smaller than 14-in. roun¢é 
are seldom turned and polished, or turned and 
ground, this material (cold drawn and ground 
is ordinarily used in the smaller sizes for simila 
applications. 

Turned and ground, turned and _ polished 
and cold drawn and ground bars are normally 
used for shafting purposes, or in places wher 
their appearance, straightness, concentricity, 
accuracy to size will be of importance. Size 
shafting required is usually dependent upon the 
bending stresses involved. Since stiffness agains 
bending is entirely a matter of cross-sectiona 
area, with chemistry or strength of the steel 
irrelevant factor, it usually follows that the su 
required to withstand the bending stresses 
more than adequate for strength purposes. Cor 
sequently a low carbon steel such as S.A.E.1(2 
is normally suitable for shafting. When physic 
properties become a requirement, cold finishe 
bars of higher carbon steels can be supplied. 

Cold Drawn Bars (shipped without subs 
quent grinding) are produced by cold draw 
scale-free hot rolled bars through a hardened de 
whose inside diameter is smaller than the dia® 
eter of the bar. The high combined compressi 
and tensile stresses acting on the bar cold wo" 
the metal uniformly and produce 

(a) A smooth, bright bar relatively free '™ 
surface defects, 

(b) Accuracy to size and concentricity, 

(c) Increased machinability, 2nd 

(d) Increased tensile, yield, fatigue ™ 
hardness values. 
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Table II — Comparative Physical Properties of Hot Rolled (HR) 
and Cold Drawn (CD) Steel Bars 





size accuracy, concentricity, 
rface quality of cold drawn 
bars may make it possible to use the 
bar size and finish for such portions 
of the parts whose diameter coincides 
with that of the bar, thus saving 
machining time and waste of metal. 
Cold drawn bars are best known 

for their machinability — so much so, 
in fact, that some of their other char- 
acteristics have been obscured. They 
machine more freely than the hot 
rolled bar from which they were pro- 
duced, because of the changes in phys- 
ical characteristics resulting from cold 
working. Increased hardness is usu- 
ally given credit for this improvement, 
but personal observation has led me 
to believe that the ratio of yield to 


S.A.E. Conpi-| Yew | TensiLe | Evonea- |Repuction| BRINELL 
STEEL | TION | STRENGTH STRENGTH! TION | or Area | HARDNESS 

1112} HR 40,000 67,000 47 140 
cD 73,900 87,000 & 48 179 
HR 
cD 
HR 
cD 
HR 
cD 
HR 
cD 
HR 
cD 
HR 
cD 


HR 
CD 
HR 
CD 
HR 
cD 


and 
: a 
1 
X-1314) aia 
163 
135 
167 


179 
217 


80,000 19 51 
71,000 28 52 
82,000 18.5 50 
90,000 22 40 
105,000 16 35 
60,000 92,000 20 35 185 
95,200 | 112,000 14 30 223 
29,000 | 51,000 38 70 101 
55,000 67,000 25 57 137 
45,000 67,000 32 65 137 
63,700 75,000 52 156 
41,000 70,000 31 58 130 
68,000 80,000 18. 50 163 
55,000 88,000 56 179 
78,200 92,000 17 45 187 
99,000 | 47 200 


60,000 
86,700 | 102,000 15 35 207 


68,000 
45,000 
70,000 
56,000 
89,200 


X-1315 


X-1335 





X-1340| 
1010, 
1020 
1025 | 
1035 


1045 








| 
| 
tensile strengths is also a factor of | 





importance. If you consider that the 
machining of steel involves breaking 
a small part — the chip — from the original piece 
s by shearing, it follows that to shear steel it is 
necessary to exceed both the yield and ultimate 
strength. The yield, being lesser, is exceeded 
first, and when this happens the metal around 
the area of the tool tip begins to flow. In a steel 
with a low yield value the volume of metal that 
will flow is large and the deformed volume builds 


changes may be regulated by the amount of 
reduction in cold drawing. Table II (from S. L. 
Hoyt’s “Metals and Alloys Data Book”) and Fig. 
1 to 3 indicate the average improvement in phys- 
icals and the mechanism of obtaining them. 
Hot rolled physical properties quoted in 
Table II are those obtained as-rolled and reported 
as “average”. Individual test values may vary 


up ahead of the tool and at the tool tip. This 
results in increased heat generation, higher power 
consumption, slower machining speeds, rough- 
ened or torn finish, and greater tool wear. On the 
other hand cold drawn steels, with the yield and 
tensile strengths brought closer together, exhibit 
“tool build up” to a much less degree. This 
improvement in machinability is not confined to 
the free cutting steels, but to all cold drawn car- 
bon and alloy steels of low and medium carbon 
content. 


Effect of Cold Drawing on 
Tensile Properties 


As a result of the simultaneous compression 
and elongation which occur in the drawing oper- 
ation, the physical properties are affected tre- 
p™endously. Depending on the steel, its original 
condition, and amount of cold reduction, there 
may be an increase of 50% to 150% in yield 
pstrength, and 15% to 60% in tensile strength. 
The endurance limit is increased at least in the 
Same proportion as the tensile strength. Hard- 

ess, course, is also increased proportionately, 
hile there is a corresponding decrease in elonga- 
‘on and reduction of area. The extent of these 


widely and the figures quoted here should not be 
used as acceptance or rejection limits. 

The cold drawn (CD) properties are likewise 
average and variable. Although it is not stated 
by the source, it is assumed that a nominal draft 
of » in. was used on a bar about | in. diameter. 
These properties can be adjusted over a wide 
range by draft regulation and strain annealing. 
It must be remembered that the physical proper- 
ties of cold drawn steels are dependent upon the 
chemistry, percentage of draft used, and upon the 
physical condition of the hot bar. The latter 
includes the as-rolled grain size, eccentricity, 
actual size, and finishing temperature on the hot 
mill. Hot bars for cold drawing purposes are 
given special attention and treatment, and these 
variables are restricted as closely as possible. 
However, since the cold drawing mill frequently 
has limited control over hot rolled bars, it is 
necessary to expect some variations from lot to 
lot in the end results. 

Normalizing or annealing the hot bars prior 
to drawing produces greater uniformity. A more 
uniform product can be obtained by strain 
annealing after drawing. These operations 
increase the cost considerably. 

Some steels are more sensitive to cold work 
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Liem aor, me eB Fig. 1 — Characteristic Response of Three Grady 
Tensile Strengths | ZA of Bar Steel to Cold Work, Shown by Increas 


| i Tensile and Yield Strengths After Drawing ¥,., 
SAE M2 ¥F Bars. (J. E. Beck, “Wire Magazine,” January 197 
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So 


SAE I/12> 


SAE 1020 >-—— Y sg 
— “SAE 102 ing off in hardness values as compared to tly 


yo 4 much more rapidly increasing tensile and yi 
A Ze “Clear | Yield Points | strengths. It is also evident that the yie 
, | increases at a greater rate than the tensj 
GC 4 fe Hs m0 = ' strength and, when severely cold worked, {| 
Dreft, Inches yield closely approaches the tensile value. Mo: 

important, this chart shows that in the san 
grade, but irrespective of bar size, the physi 
than others. Figure 1 illustrates the character- properties obtained by cold drawing are depen 
istic sensitivity of three grades, S.A.E.1020, 1030 
and 1112. This must be considered by the mill 


when laying out drafting practices. Also, it is 


| 
| 
| 
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reactions to increasing cold work. Note the taper. 


Increast, Per Cent 
A 
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especially important that the consumer consider 


this when specifying cold drawn bars to mini- 


mum physical properties. 
Use of Fractional Draft 


It has been common practice in most cold 


finishing mills to use a fractional draft, such as 


J‘. in. reduction, for a wide range of bar sizes. Brinell Hardness ~ 
This has the effect of applying varying percentage 


reductions as the original bar size varies; and 


Tensile and Yield Strength, 1000 Psi 





Fig. 2 illustrates the variations in physical prop- 





/ 2 3 


erties, size to size of finished bar, which may be 
: Original Bar Diameter, In 


expected by this practice. 





This is also shown in Fig. 3. Test values 
for the latter were secured by cutting 30-ft. bars Fig. 2 Effect of 's-In. (Constant) Draft on Bu 
of 43 and 1,°,-in. rounds of S.A.E.1112 into short of Various Original Sizes of S.A.E. X-1314 St 





lengths and cold drawing the pieces with various 
drafts. The physical properties, plotted against 
percentage of cold reduction, are typical of the ent upon the percentage of cold reduction 

instance, a ,,-in. draft on the }3-in 


Table I1[— Tests Showing Penetration of Cold Working bar is a reduction of 16°, whereas | 
16 reduction on the 1.%-in. bar w 





. » D1 ; , ; — 
S.A.E. DIAMETER seme YIELD TENSILE require a ‘-in. draft. This diffe 


— DRAFT or TES1 ; 
STEEL | oF Rounp ~ Sasa STRENGTH | STRENGTH between a ;4-in. draft on the 4% and | 


1,*,.-in. bar not only produces a great 
1112 % . . | 0.744 87,300 93,500 . 
0.685 87,100 93,600 

0.502 87.400 96,000 

X-1335 t's in. | 0.505 (e) 105,300 111.000 have worked with this material bh 


ference in mechanical properties, bul 
in the relative machinability. All 


0.505 fe 103.300 111.000 noticed the difference in the machin 
0.505 (c) 102,300 111,300 of small and large sizes of “cold 
O.D05 (¢ 105.000 113.300 
X-1020 I » | 0.505 fe 11,670 70,000 
0.505 (fe 35.000 66.700 
0.505 (e 65,000 75.000 that cold drawing produces a skin 


bars of the same chemistry. 
In years past there existed an 


0.505 fe 62,500 72.000 hardness, and if this case was m 











(a) Cold drawn bar turned to this diameter. 
(c) Standard test bar machined from center. 
(e) Standard test bar machined from edge. through the entire cross-section 


off the benefits of cold drawing w 
Actually, the cold working penet! 
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Table IV — Properties of Heat Treated Versus Cold Drawn Bars 





YIELD 


— 


1045, quenched in oil, tempered at 600° 
1045, quenched in water, tempered at 900° 
X-1335, cold drawn, ys-in. draft 

X-1 


10S! 


S.A.E. STEEL AND TREATMENT 


95,000 
98,000 
95,000 
112,500 
113,000 
112,000 


10, quenched, tempered at 900° 
quenched in oil, tempered at 900° 
X-1340, cold drawn, %-in. draft 





STRENGTH 


BrinELL 
HARDNESS 


REDUCTION 
or AREA 


ELONGATION 
IN 2 IN, 


TENSILE 
STRENGTH 


278 
262 
235 
287 
302 
241 


140,000 
132,000 
115,000 
150,000 
160,000 
121,000 


41.0 
48.0 
40.0 
47.0 
46.0 
40.0 


15.0 
16.0 
14.5 
17.0 
15.0 
13.5 








II] this fact. Data contained 


2\,-in. round for standard test bars cut 


Tabl illustrates 


lo! the 
near the edge (e) and near the center (c), respec- 
Btively, show that the hardness and tensile proper- 
alter 


l 


throughout 


. ° . . 
ties .-in. draft will actually be more 
than the original hot 


Strain, like water, has the tendency 


uniform in 
rolled bar. 
\ flow to the lowest level. 

Some engineers believe that cold drawn bars 
lack “ductility”. 
measure ductility by elongation and reduction of 


If we remain conventional and 


it is then fair to compare these properties 
f heat treated and cold drawn steel of the same 
Bvield Table IV compares the physical 
Evalues of quenched and drawn 1045 and X-1340 


value. 


vith the same steels cold drawn to identical yield 
The 


area 


differences in elongation and 


but the differences 


trengths. 


eduction of are small 


ultimate tensile strength (and particularly 


rdness) are considerable, and of special value 
the machine shop. 

Cold drawing mills are regularly supplying 
ld drawn bars, or drawn and strain annealed 


bars, to minimum physicals, often eliminating 
heat of the while 
maintaining a bright surface finish, accuracy and 


treatment machined parts, 


freedom from warpage. It is not suggested that 
the physical properties of all cold drawn steels 
can be identical with those obtained with heat 
treatment, but for many applications they are 
desirable from an economic and 


sufficient and 


fabricating viewpoint. 
Aging Effects 


In the past there has been some doubt con- 
cerning the stability of the physical properties 
From one point of 
that the internal 


stresses from cold working would tend to dissi- 


obtained by cold drawing. 
view, it would seem likely 
pate themselves over a period of time. This would 
certainly be in line with our experiences with 
coarse grained, skin pass, deep drawing sheets. 

As a matter of fact, there are internal adjust- 
ments in the cold drawn bar which continue for 
many weeks, but the major changes in physical 


properties are completed within seven 
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352 


days after cold drawing. 
To better 


a practical viewpoint, tests were 


100 understand this reaction 
from 
made by Columbia Steel & Shafting Co 
presented here through their courtesy 
Several bars of one grade of all 
the heat, drawn, 


each with a different draft. 


steel, 


Horaness 


from same were cold 


Tensile tests 
from each bar were made as quickly as 
intervals from 


possible and at stated 


then on. In many cases, periodic tests 


were made for as long as two vears afte 


A 
S 


Elongation and Reouction of Area, % 





Various Drafts (Per 


irea on 


Effect of 
Reduction on Original 
of S.A.B. 1112 Steel. \ 
figures elongation 
other properties 
reduction rather than original size 
Steel & Shattiag C 
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the cold drawing was completed. Table V — 


The aging effect on besse- 


Hi-in. round drawn ¥ in. on diameter, or 16% 


Effect of Aging on Cold Drawn S.A.E.1112 


on area 





mer screw steel }-in. round, 
drawn ;, in. or 16% on area, is 
shown by Table V. Similar tests 
were made on this steel after 
drafts of ,, in., ss in., > in., 
ss in. and %& but lack of 
space prevents their record 
here. The trends are quite simi- 
lar, and all the data are aver- 
aged and presented in graphical 
form in Fig. 4. It is interesting 


PROPERTY 


= 
Yield strength (a) 


Tensile strength 


Reduction of area 





Elongation in 2 in. 


— 
TIME oF TEST ON CoLp Drawn Bap 


j Ie MEDIATE! 2 Days 


| 83,500 | 


TESTS ON 
Hot Ro.LLeD 
Bar 





Days 


60 Days| 15 





83,960 
86,490 
88,800 
88,600 
14.0 
15.0 
26.9 
27.1 


f 


86,900 
87,300 
95,800 
eee 95,600 
20.5 22.0 
21.0 
44,2 
43.8 


45,540 
47,700 
67,630 
68,000 
42.5 
42.0 
57.7 
56.9 


87,840 
95.500 | 


88,300 | 
90,600 | 


19.5 


42.4 43.9 








to note that the heavier drafts 
showed a lesser aging effect 
than the lighter drafts. Data 
for periods longer than 150 days are not avail- 
able, except tests after 18 months, and 
very little additional change had occurred in the 
time between 150 days and 18 months. Chemical 
was 0.12% carbon, 0.85% 
phosphorus, and 0.195% 
the “inherent” 
size as-rolled 


(a) Top value by « 


aging for 


analysis of this steel 
manganese, 0.095‘ 
sulphur. It was coarse grained; 
grain size to 3; the grain 
was 4 to 5. 

A study of Tables V and VI, as well as Fig. 4 
will show that the lower carbon 1112 shows more 


was 2 


livider method. Lower value by 0.2% set method, 


pronounced aging effects than the higher carbon 
1135. The latter steel had the following composi- 
tion: 0.40% carbon, 0.81% manganese, 0.015% 
phosphorus and 0.107% sulphur. Its “inherent 
grain size was No. 4; as-rolled grain size 
No. 6. Conditions of the two tests were quite 
similar. A week after cold drawing the change: 
in properties in bars drafted ;, in. (as compared 
with the value for the bar soon after 
are as follows: 


was 


drawing 


S.A.E. 1 
G +-().6% 


(5 


S.A.E. 1112 
Yield strength t3.1 
Tensile strength +3.2° 





Elongation in 2 in. + 28% +53 





+140 
BO ee ee ARE IR RAE SE CT TEE 


#100 


480 yield Strengt. A, ‘59 In Dratt 
Yield Strength, Yes-in Draft 
Ter SI/e St enor h ‘8 ~ 


fa le a 


> 
D 
S 


Reduction of area +O2% +78 


« steels of similar 


In addition, compos 


tion will age to a varying degree; it 


thought that deoxidation practice has muc! 
to do with this. As may be expected, st 


annealing serves as a means for accelerate 








eee 


aging; after strain annealing there are | 


further changes in the properties. 
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From the data obtained it is possib 
to state: (a) That no prediction can ! 
made relative to the amount of chang 
through aging unless complete data on ste 
making and teeming practices are ava 
able, as well as information on the finis! 
ing temperature of hot rolling, eccentricit) 
and exact bar size. (b) A nominal increas 
in yield and tensile over that of the fresh!) 
drawn bar occurs after aging for a perio 


(Ar a, ! 164 If) Dratt 
Area, /6-In Draft, | 








6 60 


Time in Days After Cold Drawing (Log Scale) 


of days. (c) An appreciable increase in th 
figures for elongation and reduction of ar 
occurs after aging for a period of day’ 





ISO 





Fig. 4¢— Effect of Age on the Tensile Properties of 
, Cold Drawn Various Drafts 


+3-In. Bar of S.A.E. 1112 


In some low carbon steels this increase 
outstanding. 
In general, it may be stated that ! 


(jy-In. Draft Equals 16% on Area). 


Note that major 


changes occur in first week, and that bars after light 
drafts change more than those more heavily drawn 





practical purposes, long-time aging effec’ 
can be eliminated from consideration 
ordinary engineering uses. 
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Table VI — Effect of Aging on Cold Drawn S.A.E.1135 


+#-in. round drawn various amounts 





sort. In fact it is difficult 
to say, even, where the 














Hot Ro.Liep 


| ReEpvucTIONS By Co_p DrawiINnG stress-strain curve 








PropenTY AND AGE | Prysicats | & In, | win. | wIn. tin. | % In. 
OR 5.99 | on 9.2% | on 16.57 | on 23.7% | on 30% 


_ departs from the straight 
portion and stress is no 
longer proportional to 









Yield strength | 54,000 | 
6 hr. 
2 days 
7 days 
Tensile strength | 86,740 | 
6 hr. 
2 days 
7 days 
Elongation in 2 in. 
6 hr. 28.0 25.0 
2 days 28.0 25.5 
7 days | S18 | 25 
Reduction of area | 44.6 
6 hr. | | 43.8 | 35.5 
2 days | | 43.6 39.9 
7 days | | 454 | 40. 
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70,200 | 82,460 | 91,800 | 99,200 | 103,700 a preston 
69.240 | $1,200 | 91.600 | 100,500 | 102.300 rounded or knee-typ 
67,040 | 84,400 | 92,320 | 103,000 | 104,020 


90,340 | 94,200 | 101,500 109,250 
90,600 | 93,830 | 101,600 108,000 | 113,300 deformation occurs with- 
89,600 | 94,900 | 102,000 110,300 | 114,700 out increased load. and 


19.0 
19.0 
20.0 


35.7 
37.5 
38.5 





strain. The curve has a 





form, as shown in Fig. 5; 
consequently, there is no 


| 111,000 point at which increased 





16.0 14.0 as a result, no true 
16.0 15.0 “yield” point exists. 
17.5 16.5 As a matter of con- 


venience, the “yield 
36.3 34.9 aesnite i socal tate 
35.5 35.8 stress” for material hav- 
37.4 35.1 ing this type of curve is 
determined by arbitrary 














Determination of Yield Strength 


Increased yield strength has been one of the 


Bmain sales points of cold drawn bars for con- 


structional purposes. For many applications no 
urther explanation of this term is necessary, but 
if cold drawn bars are always to be properly 
applied it is necessary to define yield strength. 
lt has several “official” definitions in various 


pmuch-used standards, such as the War Depart- 


ment’s and the A.S.T.M.’s, but for our purposes 
it can best be explained by examining the stress- 
train curve. 

Hot rolled bars of low carbon steel act in an 
elastic” manner that is, the elongation is pro- 
ortional to the tensile load—up to a certain 
int, whereupon a large elongation occurs with 
ittle or no increase in load. This increase is so 
udden that the loading device ordinarily fails to 
Keep pace, and the weighing beam on the testing 
nachine drops, as though there were in fact a 
lecrease in the load. This method of measuring 
yield point” by “drop of beam” is the tradi- 
ional way of testing the low carbon tonnage 
teels used in the as-rolled condition. The corre- 
ponding stress-strain curve is shown in Fig. 5, 
bnd the yield by drop of beam for X-1335 steel 
vill be at about 60,000 psi. 

Cold drawn steel, not stress relieved or 
annealed, has no marked “yield point” of this 


1000 Psi 


Stress, 





Cold Drawn and Strain-Annealed at 1000° 


“ig 5 — Stress-Strain Curves for S.A.E. X-1335 
Steel, As-Rolled, Cold Drawn },-In. Draft, and 


FP, 





methods such as the 
“agreed-upon extension under load” or “offset” 
methods. Either of these conventional methods 
permits a limited amount of permanent set — 
that is, the extensometer would not come back to 
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zero elongation if the load were entirely released 
before the yield value is determined. Figure 5, 
page 503, determining 


graphically the yield value by 0.2% offset; a line 


shows the method of 
is drawn parallel to the modulus line at a distance 
equal to 0.2% unit strain, and the yield is the 
point where it intersects the stress-strain curve. 

Cold drawing will tremendously increase the 
yield strength, but the proportional limit will be 
reduced as indicated in the dotted curve of Fig. 5 
Since the latter is the unit strength at which plas- 
tic deformation and a permanent set will occur, it 
follows that care must be exercised when dealing 
. for applications in which 


with “yield strength” 
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Fig. 6 — Average Effect of Strain Anneal- 
ing Cold Drawn Bars at Various Tem- 
peratures. (Courtesy La Salle Steel Co. 





absolutely no plastic deformation is permitted. 
In such instances, the proportional limit of cold 
drawn bars can be tremendously increased by 
heating to an appropriate temperature below the 
critical. 

Curves in Fig. 5 show an enlarged section, at 
the knee, of a stress-strain curve made on cold 
drawn X-1335. 
determined by the 0.2 offset method, and the 


Note the high yield strength, as 


relatively low and indeterminate proportional 
limit, somewhat below the figure for the original 
hot rolled rod. 
made on the same steel after strain annealing at 
1000° F. 


important, the greatly increased proportional 


Another stress-strain curve was 
Note the definite yield point and, more 


limit point of departure from the modulus line 


Strain Annealing 


For many years it has been appreciated thy 
cold worked steel will respond to temperatura 
below the critical. The degree of response depend 
upon the amount of cold work done, and th 
temperature to which it is heated. Up to appr 
mately 700° F. the tensile and yield strengt} 
and the hardness will increase, with negligij 
effect on elongation and reduction of area. 0 
this temperature, the effect is reversed. Ady 
tage has been taken of this characteristic during 
recent years, and a product known as cold dray 
strain annealed bars has become an enginee! 
material of considerable use. 

The advantages of strain annealing are 

1. It straightens the knee in the stress-st 
curve of cold drawn bars, thus increasing 
proportional limit to essentially the yield sti 

2. It increases elongation, reduction of a 
and impact strength without materially redu 
the high yield obtained by cold drawing. 

3. It prevents or reduces warpage when « 
drawn bars are aged or are eccentri 
machined. 

!. Greater uniformity in physical proper! 
can be obtained after strain annealing than in 
untreated cold drawn bar 

By regulating the draft in cold drawing 
the strain annealing temperature, a wide rang 
Refers 


to Fig. 6 shows the effects of strain anneal 


physical properties can be obtained. 


the curves are representative in characte! 
vary with the grade of steel and amount of « 


reduction. 


Cold Drawn Shapes 


For the rapid duplication of parts having 
odd shape, it is often advantageous to use 
drawn special sections, thus saving the s 


expensive machining from standard sha| 
These useful shapes may be produced by | 
drawing a special hot rolled shape, or fro! 
standard shape by multiple cold drawing pass 
Steels with a wide range of chemistries maj 
used, including free cutting, carbon, and a! 
grades. Size accuracy of such drawn sections 
at the least 


obtained by ordinary machining operations. ! 


} 


generally comparable with U 
usual bright, smooth, cold drawn finish and p! 
ical properties comparable with those of regu 
Such spe 


cold drawn shapes are worthy of considera! 


cold drawn sections are obtained. 


when sufficient quantities are required to jus 
roll or die costs. It is then possible to red 
part costs 50° or more. - 
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Fig. i] A pparatus for Melting Purified C op- 
per and Zine Into Ultra-Pure Cartridge Brass 








By J. L. Rodda 
and Gerald Edmunds 
Research Division 
Technical Department 
The New Jersey Zinc Co. 
Palmerton, Pa 





| ORDER TO DETERMINE the 
effect of impurities present in commercial car- 
tridge brass upon its susceptibility to stress- 
corrosion, a comparison was desired between 
ultra-pure and ordinary brasses. This has been 
made possible by the production, in the labora- 
tory, of a few pounds of cartridge brass from 
spectrographically pure zine and copper of com- 
parable purity under conditions which (it is 
believed) did sot introduce any impurities, but 
may actually have accomplished some purifica- 
tion, particularly in regard to gas content and 
oxide films. This paper describes the preparation 
of the brass. While the method has been applied 
only to brass, with suitable modifications it may 
be applicable to other alloys, as well as to pro- 
duce gas-free ingots of pure metals. Stress- 
corrosion cracking tests of the brass have already 
been reported to the joint A.S.T.M.-A.L.M.E,. sym- 
posium on stress-corrosion cracking, Nov. 29, 
1944. (As noted in Metal Progress for January 
1945, page 78, it was found that the natural 
impurities in commercial brass have no appreci- 
able effect on this phenomenon.) 

Alloy Components — High purity copper was 
furnished by A. J. Phillips; it had a reported 
minimum purity of 99.999°. We alloyed it with 
selected lots of spectrographically pure zinc. The 
methods by which these two metals had been 
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Top, as removed from crucible. 


Bottom, as removed from crucible. 


Machined (weight 3.58 lb. 





Fig. 2— Ultra-Pure Cartridge Brass Ingot Made in Graphite Crucible in Nitrogen Atmosphere 





prepared have been described in Transactions of 
the American Institute of Mining & Metallurgical 
Engineers for 1941 and 1939, respectively. 

The copper, in the form of %%-in. diameter 
cast rod, was sawed to 5-in. lengths, drilled 
through at one end to receive a wire for handling, 
and cleaned by successive immersion in concen- 
trated HNO,, 1:1 HCl, water, alcohol, and ether. 
Copper wire for suspending the copper during 
these cleaning operations and while it was in the 
furnace prior to melting was rolled and drawn 
to 0.042 in. from the same high purity copper, 
and cleaned by the same procedures. 

As described in the 1939 reference above, 
the zinc was melted in one of two chambers of 
a double pyrex vessel having a 44-mm. capillary 
in the connection between the chambers. Dry 
hydrogen was passed through the empty chamber 
and capillary, thence bubbled through the molten 
zinc. When the hydrogen pressure was reduced, 
the dross-free zinc flowed slowly through the 
capillary to the other chamber. The capillary 
drew the zinc from a point about % in. from the 
bottom of the charging chamber, whence it flowed 
into the bottom of the other chamber. The zinc 
was then solidified from the bottom upwards and 
the pyrex cracked away. 

Zinc ingots produced in this manner were 
surface machined all over with an Armide tool to 


1°4 in. diameter by 1% to 2 in. in length, and: 
small axial hole drilled through with a steel dril 
No contamination from this source is believed | 
have occurred. Analyses of turnings from th 
ingots indicated a lead content of between 0.000! 
and 0.00037%, and a cadmium content betwee 
0.0000034 and 0.0000047%. 

All metal was handled with clean pape 
toweling. Rolled zinc was used in gripping th 
metal in the lathe. 

Preparation of the Pure Brass — The esse? 
tials of the apparatus are indicated by Fig 
The view shows a graphite crucible; some mel 
were made with (non-conducting) dense alumi 
crucibles, and in these a section of cleaned mii 
steel pipe surrounded the crucible; in sue 
runs a pressure of at least 50 mm. of nitroge 
or argon was maintained to prevent excess! 
volatilization of iron. The Acheson graphit 
crucibles and lid were purified before use by ™ 
method for spectrographic electrodes describt 
by Standen and Kovach in Proceedings of ' 
American Society for Testing Materials for |%* 

Nitrogen was purified of oxygen and moi 
ture by successive passage through alkalis 
pyrogallol solution, calcium chloride, and an! 
drous granular magnesium perchlorate. Prelil® 
nary outgassing of the apparatus was done bef 
the charge was suspended inside the tub 
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The sequence of 
verati during alloy- 
g was as follows: 

- With the apparatus 
arged as shown in Fig. 
the system Was evacu- 
ed to a pressure of 
bout 1 mm. of mercury 
less. The crucible was 
sated to about 1350° C. 
450° F.), as indicated 
an optical pyrometer 
ghted through the plate 
ass window, to outgas 
he system, particularly 
he graphite. Purified 
itrogen was then let into 
he apparatus to slightly 
bove atmospheric pres- 








re. By loosening the 
roper pinch-cock, the 
per and its pure cop- 


Fig. 3— Top and Bottom of Ultra-Pure Cartridge Brass 
Ingot Produced in Alumina Crucible in Argon Atmosphere 





r binding wire were 
wered into the crucible. 

At this time the whole system was again 
acuated, the copper melted, and nitrogen led in 
before. The zinc was then lowered into the 
ucible and the crucible lid was closed. After a 
w minutes for alloying, the silica tube and its 
ntents were lowered slowly through the induc- 
on coil and the furnace current gradually 
pduced, thus allowing the ingot to solidify from 
e bottom upwards. 

The entire operation, exclusive of final cool- 
g, required about 8 hr. 

In the most successful runs metal losses 
ere below 2%. Photographs of ingots as removed 
m the crucibles, and after the surface had 
en ‘removed are shown in Fig. 2. Analyses 
om tops and bottoms of the ingots were not 
gnificantly different. Spectrographic analyses 
owed no contamination other than a slight 
Acrease of iron in one ingot. There was some 

hdication that sodium may have been picked up 
h the alloying process, but owing to the uncer- 
inty of sodium analyses and the ubiquitous 
ture of this element, this is uncertain; if 
resent, if was probably in non-metallic form. 














me decrease in magnesium content was indi- 
bled for some of the alloys. 

Some ingots were also made in alumina 
ucib with both nitrogen and argon atmos- 
res. Analysis of the argon showed it to be 
“© OF oxygen and, therefore, it was passed 
‘rough the drying train but not the pyrogallol. 
n ing produced in an alumina crucible in 
gon osphere is shown in Fig. 3. When the 
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surface of this ingot was machined off there was 
no porosity evident; it therefore existed only on 
the surface. It was probable that argon had been 
trapped between the melt and crucible. The sur- 
face of the cavities was bright. 

Discussion — It is believed that these are the 
purest cartridge brasses ever produced. The 
ingredients were the purest obtainable, the analy- 
ses indicate no metallic contamination, and the 
procedure was such that gaseous impurities, if 
present, should have been reduced or eliminated. 


ELEMENT MAXIMUM 
Iron 0.0002% 
Antimony 0.0001 
Lead 0.0003 
Cadmium 0.000002 
Tin 0.0001 
Nickel 0.0001 
Bismuth 0.00001 
Silver 0.00003 
Arsenic 0.0002 
Chromium 0.00005 
Silicon 0.00001 
Tellurium 0.0002 
Selenium 0.0001 
Sulphur 0.0001 
Sodium Possibly some 
Calcium Possible trace 


The probable impurity maxima, in % by 
weight are given above. These figures are based 
upon the available analyses of the copper and 
zinc, and the absence of indications of contamina- 
tion (except for a little iron in one ingot) by the 
spectrochemical comparisons of the product with 
the starting materials 3 
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Quenching Oils 


4 “PETROLEU MENSIS” may dare to make himself 
heard in “Metallurgicus’s Own Department”, 
he would like to comment upon views expressed 
in the December issue on the subject of “Quench- 
ing Oils”. There is, in fact, little exception which 
can be taken to these views since the facts of the 
case are not at hand and will not be until, in the 
words of Mera turcicus, “the fundamental prin- 
ciples of quenching have been explored”. 

We do question, however, the implications 
of his remarks and the philosophy upon which 
they are apparently based. 

Remembering that the proverbial chain is no 






stronger than its weakest link, we find it some- 
what inconsistent for a metallurgist “to provide 
the best possible quenching facilities”, as sug- 
gested, and then toss in a 10¢ per gal. oil. While 
we share the universal respect for economy, we 
do not synonymize it with initial cost. Such fac- 
tors as doubled or tripled useful life of a quench- 
ing oil, and the use of a medium the composition 
of which has been selected from a knowledge of 
the needs of the particular job to be done, can 
very easily whittle down the real margin in price 
as well as remove the psychological sting of the 
“never-ending price per gallon for the oil con- 
sumed” (quoting from December). 

The coach of the successful football team 
does not try to plug up that hole in the line by 
looking around for the best material in the coun- 
try for the other ten positions Likewise, the 
wise operator regards the quenching medium as 
an essential, integral factor of the operation and 
selects, as nearly as possible, a material which is 
tailored for the job 

Admittedly, all of the answers to quenching 
But they are still 


tackled, and from the results 


problems are not available. 
being actively 
obtained there is plenty to justify the use of oils 
which are designed lo quench, even if they do 
cost more than a dime a gallon. 

And so we want to differ with “Metallur- 
gicus” on only one, but a very significant point: 
In line with best judicial practice, let’s not assume 
guilt before it is established, and instead of using 
any “100 at 100” oil until the need for something 
better is established, let’s consider the merits of 
a product on the basis of its performance. 

PETROLEU MENSIS 


Lead Foil as Base for Next to Last Step 


in Metallographic Polishing 


| EAD FOIL has been used by several department 
in the Watertown Arsenal Laboratory 


about three years as an aid in the intermed eed! 
stages of the preparation of metallographic s 

mens. The technique has been found to ly , 
rapid, convenient means of preparing extrem 

flat metallographic surfaces with minimum gun 
tortion of structure, complete retention of in in 
sions and excellent preservation of edges. 

The process has been used principally as a bum 
intermediate step between 000 metallograp! po 
paper and the final polishing operation, servir eo 

s bes 


the same purpose as an abrasive-impregnat ' 
. _ le ¥ 
However, there are serious difficul! 


lead lap. 
in polishing with the latter, using the meth 
suggested by Kurt Amberg in Metal Progress 
February 1940. Best results are obtained 

on a freshly machined surface, since one whid 

has been used a few times produces scratches 
uneven depth, exceedingly difficult to rem 

Thus the rotating lead lap gives variable results 

and involves frequent resurfacing. 

The lead foil process, in use at Watert 
eliminates these difficulties, giving consiste! — 
good results with a minimum of effort 
technique can be acquired in a relatively s! 
time, and the operation then takes only ab 
minute for specimens up to 4% in. square mounley™, , 
in bakelite. Starting with a ground surfa 
usually requires 10 to 15 min. to produce at 
metallographic polish. 

The polishing procedure is as follows: 

A 9-in. square of annealed lead foil al 
0.002 in. thick is rinsed under running wale! 


placed on a plate of thick glass and stroked wi 
the fingers until flat. A small quantity of alu 


suspension is placed on the lead and spread 
the foil with a light rubbing action, and th 
face is ready for use. The specimen is polis! 
with short straight strokes (1 to 2 in.) or © 
circular motion, preferably the former. Press 
which gave best results were found to rangt 
about 1 to 4 psi., as determined by dressing 
specimen on one pan of a dispensing 

Several conditions must be controlled 
obtain consistently good results: 

1. The abrasive suspension must 


too broad a distribution (Continued on } 
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Mounts for Fine Wire and Thin Sheet 





rpginc from numerous recent items in “Bits & 





Pieces”, metallographers are having much 





eedless trouble in mounting small specimens of 





wire or thin sheet. 

For mounting wires where the cross-sections 
re to be examined, use the steps shown in the 
icure. The first step is simply to mold a blank 
yf the desired height. (I use lucite or transoptic 
mounting powder.) This then is drilled with a 
bumber of holes equal to the number of cross- 
ections to be examined. (A machinist’s set of 












bumbered drills will give all sizes necessary; it 
s best to drill the holes very slightly larger than 
he wire.) The wires are then cut and either 













und off or filed flat and placed in their respec- 
ive holes. Cut the wire a little shorter than the 
epth of the hole; do not bottom it but let it pro- 
rude slightly. The partially prepared mount is 







hen placed in the mounting press and re-proc- 





ssed the same as making a new mount from 





owder. No additional powder is necessary. The 
ngraving shows, at the left, the molded blank; 






i the center is the drilled blank with some of the 
ires in position; at the right is the re-processed 






nd finished mount. 





If longitudinal and transverse sections of the 





ume Wires are to be mounted together, the longi- 





idinal sections can be placed in the mount when 





riginally made, leaving room at one side or end 
the transverse sections, which are placed in 





rilled holes and the mount re-processed. 





in mounting the edges of thin sheets, a simi- 





‘method is used, wherein slots are cut into the 







: lank ghtly wider than the thickness of the 
pecin The specimens are pressed into these 
fols and the mount re-processed. Several thick- 
eSSes saws ranging from the very thin jew- 





= Z 
“Ss saw to the quite thick power saw blade can 





d for this purpose. 
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Where extremely thin or fragile sheet speci- 
mens are to be mounted, they may be clamped in 
a vise between thin sheets of lucite or plexiglass 
and wrapped with a rubber band. This pack is 
then placed in the mold the same as a larger 
specimen requiring no special technique, powder 
added and processed. 

Make any required markings for identifica- 
tion on a small piece of paper. When filling the 
mold with powder, withhold a small portion to 
cover this piece of paper, position it by a small 
wire, carefully add the remaining powder and 
process as usual. 

Incidentally, in case you run out of mount- 
ing powder, old mounts no longer needed can be 
crushed and re-used. (C. G. zur Horst, Metal- 
lurgist, Gulf Research & Development Co.) 


Why Did It Sprout? 


‘om ACCOMPANYING PHOTOGRAPH does not rep- 
resent a log of wood with lichens or corals 
attached, but an aluminum alloy test bar which 
may be something of a metallurgical curiosity. 
At one time we thought we knew the cause, but 
now we are not so sure. Maybe some other 
ASMembers have seen aluminum castings that 
erupt in a similar way during heat treatment in 
a bath of molten nitrate and have found a satis- 
factory explanation and cure. While our rejects 
from this cause are not high, they do appear 
spasmodically in a disturbing way. 

Obviously there must be some very active 
material either on or just beneath the surface of 





the castings. Microscopic examination showed 
that the aluminum matrix had been attacked. 
The suggestion that the trouble is due to particles 
of trapped foundry flux is not valid, for no flux is 
used in our foundry. Blaming the nitrate heat 
treating bath is not valid, for when castings 
sprout, they will also sprout when heat treated 
in an atmosphere furnace. 

X-ray diffraction patterns of particles of 
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metal broken from the excrescences showed lines 
of a complex compound not identifiable in pub- 
lished diffraction data. These particles contained 
a notable amount of water soluble chloride, iden- 
It is possible that this is 
residual from a degasifier or flux which might 
have been used by the makers of our foundry 


tified as common salt. 


ingot (which is secondary metal) but the ingot 
(JoHun B. Zap- 


PONE, Chief Chemist, Robertshaw Thermostat Co.) 


makers disclaim responsibility. 


Brazing Keys Into Shafting 


O' R PREVIOUS METHOD of permanently fasten- 
ing keys into keyways had proven unsatis- 
factory from both a quality and a cost standpoint. 
1045 steel and the 
A 0.005-in. 
melting point) 


The shaft is l-in. cold drawn 
key is % in. square by 1% in. long. 
shim of brazing alloy (1175° F. 
was fitted into the keyway and the key pressed 
in over it. The parts were of course washed. 

The first method of heating for brazing was 
by induction. 
difficulties appeared. 


It took only 4 to 5 sec. but several 
The inductor block avail- 
able did not allow us to press the key during 
brazing, and we were skeptical of the uniformity 
More 


generated in the 


of results we might get 
heat 


shaft by the current available to us to soften the 


in production. 
important, enough was 
shaft and lower its strength. (This could prob- 
ably be overcome by a short timed quench after 
brazing.) 

We thereupon turned to resistance heating, 
using a 75-kva. pedestal spot welding machine 
equipped with an interrupter timer. Electrodes 
were made of copper and were about 2 in. square, 
the bottom electrode being grooved to accom- 
modate the round shaft and the top being flat for 
the key. 
of current were necessary to braze the key into 
the shaft. 
shaft was confined very closely to the key, the 
cold shaft heated 
fast enough after brazing so the strength was not 
appreciably impaired. 
braze while the flux was still wet; apparently 


About 12 sec. time and 24 interruptions 
Inasmuch as the heated area in the 


mass of the cooled the area 


It was found necessary to 


after the flux dried enough resistance was created 
to prevent the current passage, and consequently 
the shaft failed to heat. (T. L. BurKLAND, John 
Deere Harvester Works) 


Identification of Nickel Alloys 
by Spot Tests 


HE FOLLOWING PROCEDURES will distinguis 
T among monel, “S” monel, “K” 
nickel, “D” nickel, 30% copper-nickel, nickel 3} 
ver, inconel, chromium-iron and chromium-nicks 


m One| 


stainless steels, Ni-resist, ordinary steel, and cag 
iron. Before testing, the material should & 
cleaned with emery cloth or a file to remove dir 
grease, corrosion products, paint or any meta 


coating such as galvanizing. 
Test With a Strong Horseshoe Magnet 
I. If the material is strongly magneti 


may be nickel, “D” nickel, ordinary steel, cas 





















iron or chromium-iron stainless steel. 
guish as in Procedure A, below. 

II. If the material is slightly magneti 
probably is ordinary monel or cold worked |* 
stainless steel with or without molybden 
This magnetic test should be made preferabl 
after cooling the metal with ice water or a free 
ing mixture, which will increase the magn 
strength and distinguish better between m 
and nickel-copper alloys of lower nickel cont 
such as nickel silver.) Heat the specimen in} 
water, preferably boiling, and retest with an 
If the specimen has no magnelisa 
Confirm, if doubtful 


net while hot. 
when hot it is monel. 
Procedure B, below. 
Ill. If the material is non-magetic, it 
silver, “K” m 


be copper-nickel, nickel 


} 


“S” monel, inconel, annealed or quenched 


mium-nickel stainless steel with or with 


molybdenum, or Ni-resist. Confirm as in Pt 


dure C, below. 


Procedure A; for Strongly Magnetic Material 


Place a drop of concentrated nitric acid 
cleaned area. 

a) If the acid reacts slowly to a pale # 
color, the material is nickel or “D” nickel. 
distinguish between nickel and “D” nickel: 

a drop of concentrated nitric acid and react, # 
add a drop of water and stir with a glass ™ 
finally add a little sodium bismuthate and S” 
A purple color indicates “D” nickel; a bro™ 
color indicates nickel. (Continued on pag 62 
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MECHANICAL PROPERTIES 


——_ 


AND WELDABILITY OF 
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HIGH STRENGTH PLATE 








By George F. Comstock 
Metallurgist 
Titanium Alloy Mfg. Co 
Niagara Falls, N. Y. 





Aes SAMPLES USED in this 
Sstudy with one exception were cut from %-in. 
splates, made in the openhearth, and supposedly 
in as-rolled condition. Nine plates of Mn-Ti steel 
from three sources, one Mn-V plate, and three 
Mn-Ti-V steel plates from different mills are The investigation of high strength plate steel (small 
included. One of the latter (No. 13 of Table 1) heats melted in laboratory equipment) reported in 
had relatively low manganese and high silicon; Metat Procress for last December has been 
it was also exceptional in being an electric fur- extended to include commercial plates of similar 
nace steel and the plate was % in. thick. analyses, made under the conditions of actual steel 
All test specimens were cut lengthwise in the mill practice, in order to determine whether the pre- 
direction of rolling, and in the specimens for liminary conclusions would apply to tonnage pro- 
notched bar impact tests the notches were all duction. The excellent properties and weldability 
made parallel to the surface of the plate. The of manganese-titanium steel is confirmed by these 
tests included tensile tests in three conditions of tests on commercial plates from several sources. 
heat treatment, notched bar impact tests at three 
temperatures, work-brittleness tests to show 


Table I— Chemical Analyses of Samples 





TYPE ; : - ; Tora. | TOTAL 
SOURCE C p* S* : Cu* | Ni* | Cr* AL Tr 


= 
Z 


or STEEL 


Mn-Ti : 0.14 
Mn-Ti : 0.14 
Mn-Ti / 0.14 
Low Mn-Ti ! 0.16 
Mn-Ti 0.17 
Mn-Ti 0.16 
High Mn-Ti 0.17 
Mn-Ti 0.13 
Mn-Ti ; 0.14 
Mn-V-Ti : 0.15 
In-V-Ti 0.14 
n-V : 0.15 
V-Ti ° 0.14 


0.025 | 0.024 aT cscs Leovw | Ged j . Abeee eee 
0.024 | 0.030 tics Loses | ...-- | 0.015 | 0.032 
0.028 | 0.030 be soo 0. | EE Dada aaa ae 0.024 
0.022 | 0.034 J 0.05 | 0.24 | 0.004 | 0.004). 0.057 
0.031 | 0.028 » - 0.12 | 0.07 | 0.020 | 0.003. 0.013 
0.016 | 0.033 3: 0.13 | 0.04 | 0.026 | 0.004); . 0.015 
0.020 | 0.040 25 0.03 | 0.04 | 0.002 | 0.004). 0.041 
0.013 | 0.029 ao 0.10 | 0.02 | 0.004 | 0.004 . , 0.035 
0.024 | 0.020 te ere Ferre een ie ee 0.018 
0.022 | 0.027 a ee R sooo | OR i 
Gann’ t saan via Ewe ate eee ——ee 0.015 
| 0.013 | 0.023 .25 | 0.24 | 0.18 | 06.10 | 0.03 0.087 | . io tie 
| 0.018 | 0.027 | 0.55 | 0.17 | 0.11 | 0.09 | 0.03 0.11 wee» | 0.046 
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strain-aging embrittlement, end-quench hardenability 
tests using %-in. diameter specimens, weld-hardening 
and notch-impact tests, and three varieties of notch- 
bend tests to show the ductility of the heat affected 
zone below a fusion weld. 


2 IN. 


Typical Microstructures, lengthwise, are shown in 
Fig. 1 to 8, at magnification of 100 diameters after 
etching with nital. Manganese-titanium plates No. 1, 


2, 3, 6, and 8 were practically indistinguishable in 


IN 


1600° F. 


RATIO 


structure; Fig. 1 can be considered typical of these 
five. Sample No. 4 was very slightly coarser (Fig. 2); 
when normalized, its structure became much finer 


NORMALIZED A‘ 
71,400 
68,000 
69,900 
69,400 
82,000 
71,400 
69,600 

2,600 

9,600 

,000 
69,300 


(Fig. 3) and this was true also of the other steels. 


TENSILI 
-. 
/ 
7 
7 


STRENGTH 


(The normalized pieces were small as compared with 
commercial plate sizes, and cooled rapidly in air.) 


600 
47,400 
48,600 


Samples No. 5 (Fig. 4) and 7 showed more pearlite 


) 
58,100 


YIELD 
POIN’ 
» 
53,600 
55,100 
51,600 
54,900 
54,800 
61,500 
47,600 


ne 


than the others, their carbon contents being a little 
higher; in No. 7 (not illustrated) the pearlite was 
coarser and more sorbitic on account of the high 


3 


. OF 


ED 
AREA 


7.0 


. 
) 


70.4 
60.9 
69.7 
58.5 
70.4 
66 
7.6 


; 
’ 


manganese. 

Sample No. 9 (Fig. 5) had a very distinctly banded 
structure, and differed greatly from most of the others 
in this respect. Sample No. 10, from the same source, 


F. 
2 IN. 
34.5 


ELON 
32.0 
34. 
33.0 


IN 


1100° 


was less banded but more dirty, with prominent 
streaks of inclusions resembling alumina. Sample No. 


YIELD 
RATIO 
70.2 


11 shown in Fig. 6, from a different source, was not 


ELIEVED AT 


banded, but was distinguished by prominent colonies 


of rather coarse acicular pearlite, as though it had 
been rolled hotter than the others. Sample No. 12, the 
vanadium steel (Fig. 7), was not especially fine grained 


I00 


300 
),800 

{ 
78,300 
70,000 
70,000 


2,900 


( 
4d, 
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67,500 
80,600 
76,000 
77,000 
86,600 


—« 
/ 


v. om 
4 S. 
= Z. 
"se — 


STRENGTH 
70, 


in respect to the pearlite, but showed scattered patches 
of very fine ferrite grains, more or less typical of 


300 
2,200 
300 
300 
56,600 
9,100 


50, 


vanadium steels. Sample No. 13, with low manganese 


YIELD 
POIN’ 
49,600 
47,300 
59,000 
56, 
54,900 
55,000 
5! 
| 53, 

6§ 
53,500 


and high silicon, showed less pearlite than the others, 
and the slightly coarser structure shown in Fig. 8 was 
due, possibly, to the fact that it was rolled to only 


OF 

AREA 
70.0 
70.8 
61.9 
70.2 
60.0 
73.2 
69.3 
67.6 
66.8 
68.4 
66.8 


Reb. 


¥g-in. thickness. 
Tensile Test Specimens were cut lengthwise about 


A, 
5 


IN 2 IN 
31.0 
36.5 

1 
29.0 

8 
30.0 
3.5 
34.0 
30.5 
24.0 

30 


29) 


6 in. long and *4 in. wide, and turned to about 0.45 in. 


ELon. 
2 
‘ 
¢ 
q 


‘ 
e 
‘ 
‘ 
9 
v4 


diameter with a gage length of 2 in. One specimen 
from each sample was tested in the as-rolled condition, 
one after stress-relieving for 3 hr. at 1100° F., and one 
after normalizing 1 hr. at 1600° F. Yield points were 
determined in most instances by drop of beam, but 
were also checked by noting with a strain gage the 
stress producing 0.5% elongation, which was relied on 


YIELD 
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70.4 
71.6 
67.5 
68.7 
69.0 
71.0 
71.0 
66.9 


100 


74,900 
78,500 


As-ROLLEp SPECIMENS 
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) 
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75,000 
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71,500 
68,700 
82,000 


82,000 
85,600 
72,500 


7 
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TENSILI 
STRENGTH 


when the drop of the beam was not well marked. All 
the fractures were free from flaws, except-for a few 


00 


59,000 
53,500 


laminations in steel No. 10, where so many inclusions 


IELD 
POINT 
300 
2.5 


53,800 
0,: 
49,200 


were present 

The results of the tensile tests are reported in 
Table Il. They show that all these steels met the 
Navy specification for high strength plate of %-in. 
thickness, namely, at least 48,000 psi. yield point, and 
not over 87,000 psi. tensile strength in the as-rolled 
condition. A few of them had lower yield points how- 
ever after heat treatment. The vanadium steel No. 12 


55,400 
54,900 
51,200 
53,100 
52.5 


58,900 
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Low Mn-Ti 
High Mn-Ti 


Mn-V-Ti 
Mn-V-Ti 
Si-V-Ti 


7 
10 
11 
13 
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had specially high yield strength and yield ratio, 
but rather low elongation except when normal- 
ized. The low manganese, high titanium steel 
No. 4 also had rather high yield strength and low 
ductility except when normalized. The high man- 
ganese steel No. 7 had comparatively low reduc- 
tion of area in all conditions—-even when 
normalized. 
Otherwise the tensile properties listed in 
Table II seem reasonably uniform and consistent 
-in fact less variable than might have been 
expected from the differences in microstructure. 
They are in generally good agreement with those 
reported in last December’s article describing 
laboratory-melted steels of similar composition. 
It is interesting to note that while normalizing 
reduced the yield point of most of the higher- 
titanium steels (No. 1, 2, 3, 4, 7, and 13— No. 8 
being an exception) it raised the yield point of 
the lower titanium steels while generally reducing 
their tensile strengths. The reduction in yield 
point in the former was undoubtedly due to a 
change in the mode of occurrence of the titanium 
in the steel, while the increase in the latter was 
due merely to grain refinement. 
Notched Bar Impact Tests 
tests were made on lengthwise specimens of 
standard size, V-notch 0.079 in. deep 
parallel to the surface of the plate. Tests were 
made in duplicate at three different temperatures 
All specimens were of 


Charpy impact 
with a 
as noted in Table III. 


steel in the as-rolled condition. 


Table III — Impact Tests of As-Rolled Bars 
At Different Temperatures 





Fr-Ls. | Fr-Ls. 


| at 70° F.| ar 32°F.) at 


Fr-Ls. 
30° F. 


TYPE 
oF STEEL 


Z 
o 


Mn-Ti 199; 173 | 176; 175 1.0; 4.7 
| Mn-Ti 142; 123 | 154; 141 9.3; 6.4 
Mn-Ti 173; 180 | 180; 169 .8; 6. 
Low Mn-Ti 6; 6 3:3 + i B 
Mn-Ti 154; 155 41; 124 8: 5 
Mn-Ti 118; 128 31; 44 4 

High Mn-Ti 42; 44 10: 12 

| Mn-Ti 146: 153 54; 20 

| Mn-Ti 153; 136 | 123; 135 | 12 
Mn-V-Ti 146; 158 | 142; 31 
Mn-V-Ti 135; 108 24; 26 
Mn-V 71; 44 10:13 

| Si-V-Ti Sy ey 14;8 


rm to to | 


eo - 2 | 











These reveal much greater differences 
between the samples than the tensile tests did. 
The low manganese, high titanium steel No. 4 
(with 0.24% chromium) is evidently quite brittle 
or notch-sensitive. The high manganese steel 
No. 7, the vanadium steel No. 12, and the silicon 


steel No. 13 gave the next lowest values, both q 
room and lower temperatures. The next bette 
in line, having moderately good quality in regard 
to notched impact resistance, are the manganese 
titanium steels No. 6, 8, 11, 5 and 10, the latte 
two each having one very good value at 32° F 
Steels No. 1, 2, and 3 were very good at 32° f 
but poor, like most of the others, at —30° F 
Steel No. 9 however was outstandingly goog 


even at —30° F. Since its microstructure wa 


banded like the structure of the normalized sam. 
ple of No. 4 (Fig. 3), a suspicion arose that this 
sample might have been normalized at the mill 
Impact tests were therefore made on normalized 
specimens of a number of the other steels fo 
comparison, with the following results: 


TESTED AT —30)" F 
206; 198 
135; 165 

34; 105 

65; 63 — 

127; 149 

156; 189 


72; 78 


TesTep AT Room TEMPERATURE 
Steel No. 1 
Steel No. 4 
Steel No. 6 
Steel No. 7 
Steel No. 8 
Steel No. 10 
Steel No, 12 
Steel No. 13 


145; 137 


111; 116 
155; 131 

Evidently normalizing gave much better 
impact values at low temperature, and it seem 
that steel No. 9 must have received some treal 
ment prior to receipt, like normalizing, differen! 
from the other samples — perhaps accidental) 
during the rolling. 

It is interesting to note the enormous differ. 
ence in impact value brought about by normali: 
ing steel No. 4. The acid-soluble titanium wa 
determined chemically in this and some of the 
other samples, with the following results: 

TITANIUM 
Acip SOLUBLE Tora! 

0.011 0.033 

0.021 0.057 

0.007 0.057 

0.005 0.015 

0.012 0.035 

0.005 0.018 


STEEL 
No. 1, as-rolled 
No. 4, as-rolled 
No. 4, normalized 
No. 6, as-rolled 
No. 8, as-rolled 
No. 9, 













as-rolled 
It appears therefore that the low imp 
resistance of sample No. 4, as-roiled, could ! 
explained by the occurrence of too much of t 
0.057 titanium it 
ferrite, since with lower soluble titanium — bol! 
-the impact value 
content 


contained in solution in 


in this steel and in others 
much better. The chromium 
steel No. 4 may be also significant in this conn 


were 


tion, however, although chromium occurred 
well in the satisfactory steel No. 1. sarge 
amounts of both titanium and chromium carbic 
in solution in the as-rolled condition as compa! 
with the normalized condition could account ! 
the differences both in tensile ductility and in! 
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impact values. Vanadium carbide in steel No. 12 
probably acted in the same way, as indicated by 
the impact results. 

[he microstructures are evidently of little 
value as an indication of notch toughness or 
brittleness in such steels where carbides in solid 
solution in the ferrite may promote notch sensi- 
tivity. In manganese-titanium steel without chro- 
mium, and with total titanium below 0.05% 
however, all available evidence indicates that no 
detrimental quantity of titanium 


steel. This establishes — at least to a reasonable 
degree — the reproducibility of the results. 

Steel No. 4 was omitted from the chart, since 
all the work-brittleness impact results on it were 
very low, the curves being below those shown for 
steels No. 7 and 13. 

The manganese-titanium steels No. 1, 2, 3 
and 9 gave the best results in regard to both low 
work sensitivity and the minimum strain-aging 
embrittlement. The high manganese steel No. 7, 





will remain in solution in the ferrite 
in any steel produced under com- 
mercial soaking-pit and rolling-mill 120 
practices. 

Work-Brittleness tests were 80 
made, as suggested by Graham and 
Work in Proceedings, A.S.T.M., 

1939, p. 571, by drawing round 
tapered specimens through a die at 





1 t-— Stee/ No3*— 


Legend: 
| —— As Rolled, Not Aged 
~- ,Aged 








-——- -o- 











room temperature, and making Izod 
impact tests at 45° V-notches cut 1.1 
in. apart along the length of the bar. 
Two tapered bars of each sample 
were prepared in as-rolled condi- 
tion, and two others after stress- 
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relieving 3 hr. at 1100° F. One of 











each kind was tested by impact 
as soon as the notches could be 
cut after cold drawing, while the 
other one was aged three weeks at 
between cold 


/zod Impact, Ft-Lb. 
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s 8s 


room temperature 
drawing and impact testing, 
accelerated 


}—_}__t\_ 


+ Stee/ No.8 


=o . 


em 





including one hour of 





aging at 450° F. 

Results are reported graphically 
on Fig. 9, where each result is 
plotted against the strain, or per 
cent reduction of area by cold draw- 
ing, at the point on the tapered bar 
where that particular notch was cut. 
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The curves in full line indicate the 
work-sensitivity of the steels in as- 


8 00 2 4 6 8 M0 2 4 6 8 


Reduction of Area by Cold Drawing, Per Cent 





rolled condition, whereas the dashed 
lines represent the strain-aged speci- 
mens; the spread indicates suscepti- 


Fig. 9— Work-Brittleness Tests. 
(omitted) gave results lower than for steel No. 13 


Steel No. 4 





bility to strain-aging embrittlement. 

The full lines and dotted curves 
! Fig. 9 show all the tests on steel in the condi- 
tion as received, the test specimens either aged or 
In the event that similar tests 
m the steels stress relieved before cold drawing 
Were substantially different, they are shown in 
dash-dot and dotted lines for specimens tested 
immediately and after aging, respectively. 

in general, stress relieving does not appear to 
change the type of diagram obtained for each 


tested as drawn. 


and the high silicon steel No. 13 had such low 
impact values that the effect of strain-aging, if 
any, was hidden. The other manganese-titanium 
steels No. 5, 6, and 8 show considerable strain- 
aging embrittlement, and No. 8 also shows some 
degree of work sensitivity (drop in resistance 
with degree of cold work, before aging). The 
manganese-vanadium-titanium steels No. 10 and 


11 are quite similar to No. 5 and 6. The manga- 
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nese-vanadium steel No. 12 gave irregular results 
note the 


in the condition as-rolled and not aged 
two circles showing low impacts at zero and 3% 
reduction) but when stress-relieved or aged its 
notch-toughness was consistently low, as shown 
by the dot-dash line. 

Thus in these tests, as in the Izod impact 
tests at different temperatures, the best results 
were obtained from the manganese-titanium steels 
containing not over 0.14% carbon and less than 


0.035% titanium. According to these samples, 


curve in the form of a broken line, which was 
plotted by averaging the hardness values of th, 
respective points of all these I3 steels. By noting 
the relative position of this broken line and th 
full line representing the particular steel reported 
it is easy to appreciate whether its hardenability 
is low, high, or average. 

Two specimens were prepared from steel! Ny 
13, which was received in the form of a 7.-ip 
plate. One of them was of ‘%-in. diameter | 
compare with the other steels, and one was oj 
34-in. diameter to approach more closely th 
standard size of harden. 
ability test piece. The 








vanadium does not seem to have had any bene- 
a 
Dashed Curve in 
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latter was end-quenched 
2100° F. with 

water jet of %-in. diam- 
Results from both 


from 


eter. 
specimens are reported 
in Fig. 10, where it is evi- 














dent that the %-in. spec- 
imen was a little harder 
although the inflection 
point of both curves is al 





practically the same dis- 
tance from the quenched 
end. 








Rockwell "C’ Hardness 
S$ 8 & 8B 


According to the 
results of the hardenabil- 
ity tests, the manganese- 
titanium steels No. 1, 2 


3, 4, and 8 harden less 








deeply than the others 
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while No. 5, 6, and 7 ar 
deeper hardening. This 
seems to be in fair agree 
ment with the carbo! 
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and manganese contents 
as reported in Table |! 


especially in view of th 





Fig. 10 — End-Quenched Hardenability Curves of Indi- 
vidual Steels as Compared With Average for All Samples 


higher nicke! 
and molybdenum in 


steels No. 5 and 6. The 


copper, 





ficial influence on the notch-toughness or strain- 
aging embrittlement. 

Hardenability tests were made by the Jominy 
end-quench method, using as-rolled specimens of 
44-in. diameter with a %%4-in. water jet. 
mens were quenched from a temperature of 2100° 
F., and were protected from scaling at the 
quenched end. The results in the form of Rock- 
well C hardness values on flat surfaces carefully 
ground along the sides of the quenched specimens 
are reported graphically in Fig. 10. All of the 


Speci- 


separate diagrams in this chart include the same 
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low hardenability of th 
high titanium steel No. 4 
which was lacking in ductility and notch-toug)- 
ness, is worthy of note. The vanadium steels \ 
11 and 12 are somewhat deeper hardening thai 
the average, while No. 10 and 13 are not, althoug! 
they also contain vanadium; the differences a! 
roughly in accordance with the manganese con- 
higher generally 
deeper hardenability. 
Single-Bead Weld Tests 
ple were cut 6 by 7 in., and weld beads wer 
deposited transversely across them at a rale 0 
6 in. per min., using %4-in. mild steel coated welt 


tents, manganese promoting 


Pieces of each sal- 











maxX 
iso 
the | 
In lov 


shov 






ods, with 225 amperes and 135 volts. (The 

plate No. 13 was previously planed down 

to in.) Seale was first ground off the surface 

before welding. No heating was applied either 

before or after, and each weld was air cooled in 
the same way. 

Six strips, each %4 in. wide, were cut trans- 
versely to the weld bead, or parallel to the direc- 
tion of rolling, and notched in different ways for 
slow bend tests as discussed in later paragraphs. 
Smaller strips were also cut about midway 
between the two ends of the weld bead for hard- 
ess and impact tests. 

Hardness surveys were made on two cross 
sections cut through each ground 
smooth and etched to show the penetration of 
the fused zone. Four Rockwell A hardness tests 
vere made just below that zone, to represent the 
Four other tests were 


weld bead, 


maximum weld hardness. 
iso made on each piece at a point remote from 
the heat-affected area and at the same distance 
below the surface of the plate, and averaged to 
show the original hardness of the steel. Harden- 


shows unexpectedly low values after welding. 

Notch-Bend Weld Tests——- On the same day 
that the weld beads were deposited, the two %4-in. 
strips nearest the starting end of each bead were 
notched and tested for ductility by slow bending. 
On all but two of the samples, these notches were 
milled with 4-in. radius, and extended only as 
that 
is, through the “welt” of deposited metal. The 
other two, No. 9 and 10, were notched in accord- 
ance with the recommendation of Jackson and 
Luther in “The Bead-Weld Nick-Bend Test for 
Weldability”, Journal of the American Welding 
Society, Oct. 1944, p. 5235S, using a saw-cut 0.1 in. 
wide and extending through the bead to a depth 
of 2; 

Specimens were bent slowly, with the notch 
apart, using a 


deep as the original surface of the sample 


in. below the original surface of the plate. 


in tension, on supports 4 in. 
plunger of %s-in. diameter to apply the load 
directly over the notch. Deflection was measured 
by a pivoted index giving a magnified scale read- 
ing. Deflection at 
the measure of ductility, but most of the bencs 


maximum load was taken as 


were continued well beyond this to determine 
more definitely the character of the failure, or 


ng due to welding could then be determined by 
liference. The results are reported in Table IV. 
Steels No. 4, 7, 10, and 12 hardened 
least, although this was due chiefly to Table IV — Summary of Tests on Single-Bead 
the greater hardness of these samples 
before they were welded. The hardness 
ifter welding shows but little variation 
mong these samples, and the variations 


Weld Specimens 





ARDENING BELow WELD (a) 
H ne ES IMPACT, 


NOTCHED 
WELD 
ENING SpreciMENS 


TYPE 
or STEEL 


Harp ZON!t 


ORIGINAL Harpb- 


re explainable in most instances on the 
PLAT! 


basis of chemical composition, although MAX. AVERAGI 


here are some discrepancies. = 

I 167; 208 
180: 153 
144; 154 


$8.6 
$8.0 


Mn-Ti 56.5 
Mn-Ti 54. 
Mn-Ti 53. 52.% 15.3 
Low Mn-Ti | 57. 55.8 51.1 ; 21; 20 


Impact tests were made in duplicate 
1 the same specimens used for the 
hardness tests. These specimens were 
achined to standard size for Charpy 
tests, with the weld penetration across 
A 45° V-notch 


is cut 0.07 in. deep in the fused zone, 


Mn-Ti 58. 57.1 19.8 . 143; 128 
Mn-Ti §5.! 48.1 , 62; 58 
High Mn-Ti_ 56.! 55.8 50.4 5. 47; 46 
Mn-Ti 17.6 ).: 135; 121 
Mn-Ti 53. 52. 16.2 & §2; 75 
Mn-V-Ti 55. 53.8 18.6 , 77: 106 
boundary, but avoided penetration 11. | Mn-V-Ti 58. 57s 49.3 152: 122 
lo the The 12 | Mn-V 57.! 57.: 52.5 , 114; 43 
specimens were broken at room temper- 13 | Si-V-Ti 56. 17.8 . 33; 25 


the middle of one side. 
that its base was almost tangent to 
below. 


hardened zone 











iiure in a Charpy machine with the 
notch in tension, 30 to 33 days after (a) Rockwell A se: 
welding. Results are also reported in 

whether the crack would go straight across or 


Load-deformation dia- 


lable IV, alongside. 
be deflected lengthwise. 
grams were recorded on some of the bends, but 
point, 


These impact results, like those in Table Il 

r samples that were not welded, are lower for 

steels No. 4, 7, 12, and 13, although the vanadium 
steel No. 12 shows one high value in Table IV. 
the toughest welds occur in samples No. 1, 2, 3, 
8, and 11. Steel No. 9, which was so outstand- 
ng in low temperature notch-toughness, appears 
No. 6 also 


they served merely to indicate a yield 
which seemed to be related more to the maximum 
load than to the deflection, and therefore to be of 
little value as a measure of weldability. 

In addition to the above tests, made the same 


nly noderately tough after welding. day as welded, two bend specimens cut near the 
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middle of the weld bead were notched by 
Jackson and Luther’s saw-cut method ind 
tested 10 days later. Two more specimens, 
all *% in. wide, were cut near the crater end 
of each bead, the beads planed flush, and 
machined on the side opposite the bead to 
|, in. thickness. They were notched by 
milling the fused zone with a 45° V-cut, 0.06 
in. deep, so as to penetrate not quite to the 
boundary of that zone. 

These specimens were tested in the 
same way as the others. The results 
obtained from the specimens cut at the 
crater ends of the welds were in most 
instances lower, respectively, than those 
obtained from the other specimens and 
probably should be rejected. All these 
results, however, are reported in Table VY. 

The saw-cut notches, being deeper than 
the round notches, gave in general lower 
deflections and the V-notches, of course, 
still lower. Jackson and Luther’s report 
that welds improve in ductility a few days 
after welding is supported by the data on 
steels No. 9 and 10, where with the same 
type of notch higher deflections are reported 
10 days after welding than on the day when 
the welding was done. 

An idea of the significance of the data 
in Table V can be obtained more readily 
from the following summary of deflections 


4 of 


S:D 
8S: D 
S:D 
S;N 
Q;N 
Q;N 
S:N 
S; I 
S;I 
Q;N 
Q;N 
sudden. 


FRAC- 
TURET 


or 


_ DEFLEC- 
3 


6 Weeks OLp 


TION 
0.46 
0.42 
0.28 
0.31 
0.26 


0. 


0.41 
3 
0.44 
0.20 
0.28 
in steel No. 


36. | 


as 


9 


;5 To 
SECOND SPECIMENT 
645 | 

2457 

2395 


2364 

2270 | 
2640 

2612 | 
2747 | 
| 24 





FRAc- 
9) 
f Fig. 1 


TURET 
S; N 
S;:D 
8S; D 
S$; D 
5o 


Q;N 


S: D 
S:D 
S:D 


S;D 


| 
| 


DEFLEC- 
TION 
0.65 
0.43 
0.43 
0.50 
0.43 
0.32 
0.46 
0.49 
0.31 


V-Notcu; MACHINED BEAD 
First SPECIMEN 
33 
60 
5 
252 


2652 
27 
281 
2900 
5S 


LOAD 


28 





D 
-D 


-N 
S; N 


S;D 
S; 
S 
S;D 


TUREL 


0.68 
0.58 
0.86 
0.44 
0.60 


TION 


SECOND SPECIMEN 
368 
4436 
4610 
| 4220 


tenn DEFLEC-| FRAC- 


4 
3909 


TAs to type of failure, S means slow failure; Q means quick 


As to type of fracture, N means normal or straight crack, 
11; D means deflected crack, as in steel No. 


TURE 
S;D 


S:D 
S;N 
S;N 


FRAC- 
S:D 


Fig. 


TION 
0.70 
0.76 


IRST SPECIMEN 
DEFLEC- 


STEELS WitH RouNb NoTcHES 
One value less than 0.85 in.: No. 4, 7, 12, 13 
Both values above 0.95 in.: No. 2, 3, 5, 6 


Saw-Cut Norcu; Testrep Arrer 10 Days 
F 

LOAD 

4370 

3952 


7 
340 


4 





D 


S;D 
S;N 


Streets Witu Saw-Curts 
One value less than 0.60 in.: No. 2, 4, 6, 7, 10, 12 
Both values above 0.65 in.: No. 1, 3, 5, 8, 9, 11 
STEELS WitH V-NoTcHES 
(omitting the crater specimens) 
Values less than 0.40 in.: No. 4, 7, 10, 13 
Values above 0.48 in.: No. 1, 3, 8, 12 


FRAC- 
| TURET 
Q;N 
S;:N 


| 
| 


EC-| 
TION 
0.88 
0.98 
0.98 
0.81 
0.90 


S;D | 4815| 
S;D | 4327 


DEFI 


“i 


16 


5000 


SECOND SPECIMEN 


The low manganese, high titanium stee 
No. 4, and the high manganese steel No. 7, are 
definitely inferior in weldability by this 
method of testing, but the other manganese 
titanium steels No. 1, 2, 3, 5, 6, 8 and 9 are, in 
general, the best. The manganese-vanadium- the: 
titanium steels No. 10 and 11 are moderately bend 
good. The vanadium steel No. 12 gave varr 
able results, as in the work-brittleness tests phot 
showing up well when V-notched, but rather lefle 
poorly otherwise. The silicon steel No. 13 was 
also variable, but in most instances it crackeé these 
more readily than the others. tical 
A selection of some typical failures resul 
obtained in these tests is illustrated by Fig. |! Pig. 
and 12. Specimens No. 4, 12, 13, and the no ¥ 


| 4020 | 
4700 
5! 


| 


| 4480 
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TUREtT 
-N 
S;:N 
-N 


FRAC- 
S;D 
Q;N 


| 
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TION 
0.99 
0.98 
1.2 

0.96 
0.56 
1.02 
0.98 
0.68 


Rounb Notcu*; Testep Same Day 
| 
i 
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3 
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| 
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LoapD 
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4600 | 
4860 
4570 | 
4526 
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448 
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1 | Mn-Ti 
High Mn-Ti 


Mn-Ti 
Low Mn 
Mn-V-Ti 
Mn-V 
Si-V-Ti 


6 | Mn-Ti 





ut from crater ends of the weld and should probably be rejected. 


2 | Mn-Ti 


5 | Mn-Ti 


3 
4 
7 
12 
13 


11 








*Round notch except for steels No. 9 and 10 which had a saw-cut notch. 


; 
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tions of weldability, if this term is taken to imply the mainte- 


nance of toughness and ductility under a weld deposit. Notch- 
bar impact tests seem to give a better idea of the results to be 
expected in welding, or of the suitability of a steel for welding, 
where notches of some form may not always be completely 


avoided. 
General Comparison of the 





Fig. 12 — Representative 
Samples, Milled Smooth 
and Cut With V-Notch 


Different Steels—The data 
reported bring out clearly the 
undesirability of a titanium 
content as high as 0.05% (as in 








Fig. 11 — Typical Notch-Bend Spec- 
imens of Single Bead Welds, 
Notched by Sawing, After Bending 
Beyond Maximum Load, to Show 
Type of Fracture. Natural size 


steel No. 4) at least with low 
manganese and as much as 
0.24% chromium in steel to be 
used in the as-rolled condition. 
The amount of titanium and 
chromium liable to occur in 
solution in the ferrite of such 
steel not normalized may cause 
a dangerous degree of notch 
sensitivity. In summarizing the 
results to compare the different 
classes of steel represented by 
these samples, steel No. 4 is 
therefore neglected. 

Steel No. 7 is likewise 
rejected, since its manganese 
content is above the permissible 
limit for the Navy high-strength 
plate, and its properties justify 
the enforcement of a lower limit 
for manganese. The silicon 
steel No. 13 also seems of less 
interest than the other grades, 
possibly because its titanium 
and vanadium contents are high 
enough to bring it into the same 
class as steel No. 4, although 
the mere fact that this steel was 
rolled thicker than the others 
would account for its less desir- 
able properties. 





V-notched No. 9 show what were classified as 
normal or straight cracks in Table V, while the 
thers exhibit deflected cracks. Most of the weld 
bend specimens were bent well beyond the point 
o} maximum load and the bend angles in the 
photographs therefore do not agree with the 
deflections at maximum load reported in Table V. 

lt is interesting to note that the results of 
these weld ductility and cracking tests have prac- 
ically no correlation with the weld-hardening 
results of Table IV or the hardenability curves of 
Pig. 10. It seems that the latter methods are of 
ho value, and may even be misleading, as indica- 


Table VI is a summary of 
the data pertaining to the other 
classes of steel considered in this report, namely 
manganese-titanium with 0.024 to 0.035% tita- 
nium, manganese-titanium with 0.013 to 0.018% 
titanium, manganese-vanadium-titanium with 
0.015 to 0.023% titanium and 0.02 to 0.04% vana- 
dium, and manganese-vanadium with 0.087% 
vanadium. It will facilitate a comparison of 
average results derived from all the tests described 
above. Since these steels are intended for use in 
the as-rolled condition, only the specimens tested 
in that condition are included in the averages. 

The compilation of average results in Table 
VI indicates slightly lower strength and generally 
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higher ductility and impact resistance, both 
as-rolled and as-welded, for the higher titanium 
steels. However, the differences between this 
class and the lower titanium steels are slight, and 
may be largely accounted for by the difference in 
the range of carbon contents. It may be con- 
cluded that both classes of steel are satisfactory 
in the condition for high strength 
weldable plates, with the lower carbon, higher 
titanium grade averaging a little better in notch- 


as-rolled 


toughness, resistance to aging, and weldability. 
Probably not enough vanadium steels were 
included to warrant any conclusions regarding 
The occurrence 
the low titanium 


the manganese-vanadium types. 
of 0.04% or less vanadium in 
steels No. 10 and 11 
affected their properties materially, and certainly 
cannot be held to have produced any improve- 
The plain 


does not appear to have 


ment in the results of our tests. 
manganese-vanadium steel No. 12 was stronger 
than any of the other steels, and shows less weld 
hardening, but in most of the other tests it seems 
to be somewhat inferior. Perhaps with lower 
manganese or copper, and lower strength, Mn-V 
steel might be more comparable to Mn-Ti steel in 
ductility, weldability and resistance to impact 
and aging. 

The chief conclusion to be 
drawn this 


from investigation 


Manganese as high as 1.59% should cer‘ain) 
not be permitted in weldable plates, and chro. 
mium above about 0.10% may also be unclesiy. 
able. Commercial plate steels with 0.14 to 6.17 
carbon, 1.25 to 1.385% manganese, and 0.)] 4 
0.02% titanium are shown to be satisfactory in 
strength, ductility and weldability, however, and 
only slightly inferior to the higher titanium typ 
in notch toughness and resistance to aging. Cop. 
trary to the results obtained from the laboratory 
melts, this lower titanium commercial steel i 
now found superior to commercial manganese. 
vanadium steel (or at least to the heat available 
for this investigation) in ductility, notch-tough- 
ness, weldability, and resistance to aging. 

The addition of 0.02 to 0.04% vanadium to 
the low titanium grade of manganese-titanium 
steel did not seem to improve any of the usefy 
properties appreciably, but neither was it detri- 
The manganese-vanadium steel with 
was definitely 


mental. 
0.087% vanadium, 
stronger than the manganese-titanium grades, 
and showed less weld-hardening; otherwise, as 
noted above, its properties were inferior. This 
should no doubt be checked with other heats 
before drawing general conclusions. @ 


however, 


Table VI — Average Results for Four Classes of Steel 
'4-in. plates, as-rolled, test specimens cut parallel to direction of rolling 





is that the excellence of manga- 
nese-titanium steel in the form 
of weldable high-strength plates, 
as reported in December for 


laboratory-melted steels in Carbon, % 
Metal Progress, is confirmed by mang 
tests of a number of commercial Fitanium, % 
plates. The acceptable range of Hardenability 
titanium content for best results 
with commercial steel may not 


be exactly the same as was 


Chemistry range 
Manganese, % 
Vanadium, % 
Depth to C-30, 


Tensile properties 
Yield point, psi. 


Mn-V-T1 | Mn-V 
No. 10 & 11! No. 12 


Mn-T1 
No. 5, 6, 9 


Mn-TI 
No. 1, 2, 3, 8 


0.14-0.15 0.15 
1.11-1.29 1.13 
0.015-0.023) None 
0.02-0.04 (),087 


0.14-0.17 
1.25-1.34 
0.013-0.018 
None 


0.13-0.14 
1.17-1.31 
0.024-0.035 
None 
0.21 0.2 


0.16 0.22 


59,00 


85.600 


52.800 
76,700 


1,100 53,700 


arrived at from the laboratory 
melts. From the present work 
0.057% 
too high for 


titanium seems to be 
notch-toughness 
and weldability unless the steel 
is normalized to lessen the 
amount of titanium in solution 
ferrite (although the 


chromium in the 


in the 
presence of 
high titanium steel renders this 
conclusion somewhat uncer- 
tain). For plate to be used in 
the as-rolied condition the pre- 
ferred titanium content is prob- 
ably about 0.02 to 0.04%, with 
0.13 to 0.15% 


to 1.30% 


carbon and 1.15 
manganese. 


Tensile strength, psi. 

Yield ratio, % 

Elongation in 2 in., ‘ 

Reduction of area, % 
Impact values in ft-lb. 

At 70° F. 

At 32° F. 

At —30° F. 

Strained 2% 

Strained 8% 

Strained 8% and aged 
Welding tests 

Weld hardening (b) 

Impact value, ft-lb. 
Weld bend deflection 

Round notch, in. 

Saw-cut notch, in. 

V-notch, in. 


~) 

72,350 
70.7 
32.9 


71.4 


161 
134 
6 
134 
86 
76 
6.3 
158 
0.99 


0.70 


0.55 


78,600 
68.4 
30.2 
70.3 


141 
83 
50 
121 
100 
42 


7.0 


108 


1.02 
0.68 
0.43 


69.0 
32.2 
67.2 
137 
56 

5 
125 
81 


20 


6.5 
114 
0.96 
0.72 


0.39 


68.9 
24.! 
68.4 











(a) With the 


average would be 6. 


high 


(b) In 
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Are-Welding Troubles and Their Cures 
Sheet 2 of 2. Westinghouse Electric & Mfg. Co. 


Porous Welds 


Causes: A—An inherent property of some “electrodes”. 
sufficient puddling time to allow intrapped gas to escape. C- 
base metal. D—Too short an arc length. 

Cures: A—Be sure the proper electrodes are used. B—Puddling 
keeps the weld metal molten longer and often insures soundnes 
C—A weld made of a series of strung beads is apt to contain minut 
pinholes. Weaving will often eliminate this trouble. D—Avoid 
cessive welding currents. E—Check base metal by a simple 
run with an electrode known to be first class. F—Lengthen th 


Poor Surface Appearance 


Causes: A—Improper current and arc voltage. B—Overheat 
work. C—Poor electrode manipulation. D—Inherent characteristi 
of electrode used. 

Cures: A—Use proper welding technique for the electrod 
in hand. B—Avoid excessive welding currents. C—Use a uniforn 
weave or rate of travel at all times. D—Prevent overheating 
the work. 


Incomplete Penetration 


Causes: A—Improper preparation of the joint. B—Too larg 
an electrode. C—Insufficient welding current. D—Too ra 
a welding speed. 

Cures: A—Allow the proper free space at bottom of the wel 
B—Do not expect excessive penetration from the electrode in han 
C—Select small diameter electrodes for a narrow welding groove 
D—Use sufficient welding current to obtain proper penetratio: } 
Do not weld too rapidly. N ¢ 


uf 
Poor Fusion 
of the 


Causes: A—Improper diameter of electrode. B—Improper weid- Prob: 
ing current. C—Improper preparation of the joint. D—Improper Prop: 
welding speed. of de 

Cures: A—When welding in narrow vees, use an electrode sma 
enough to reach the bottom. B—Use sufficient welding current ' trans 
deposit the metal and penetrate into the plates; heavier plat defec 
require higher current for a given electrode than light plates d ae 
C—Be sure the weave is wide enough to melt, thoroughly, the sid E. He 
of the joint. D—The deposited metal should tend to sweat onto t! 
plates and not curl away. ances 


This 


Excessive Corrodibility of Bead or Metal Alongside manv 

Causes: A—Wrong type of electrode used. B—Improper wek 
deposit for the corrosive medium to be resisted. C—Metallurgica 
effect of welding. D—Improper cleaning of weld. E—Porosity anc I 
slag inclusions. F—‘“Non-stabilized” base metal (stainless steel 

Cures: A—Change from bare electrode to properly covered elec- the be 
trode. B—Use shielded arc-type electrodes. C—Select electrod rails ; 
which have excess of easily oxidizable alloys, so weld depos ; 
matches the chemical composition of the base metal. D—Avoid slag nately 
inclusions and gas porosity by all available means. E—Excessi : 
corrosion alongside weld, often experienced in “austenitic” stainles 
and corrosion resistant steels, is avoided either by using base meta while 
and electrodes “stabilized” by alloying with a little columbium 
by quenching the completed weldment rapidly from 2000° F lifer 


ype ¢ 


rail n 


levice 


Warping of Thin Plates 


ype c 
Causes: A—Shrinkage of deposited weld metal. B—Ex 4 , 
local heating at the joint. C—Improper preparation of the Spe 
D—Improper clamping of parts. ight 
Cures: A—Select electrode with high welding speed and m 
erate penetrating properties. B—Work rapidly to prevent excess! lr 
local heating adjacent to the weld. C-—Avoid excessive spaces 
joints. D—Properly clamp parts adjacent to the joint. Use back-u And Ip 
to cool parts rapidly. E—Use special welding sequence such as Ss Was s| 
back or skip procedure. F—Peen joint edges slightly before weld 
to elongate them and counteract the weld shrinkage lirecti 


Spatter 
I vorke 


Causes: A—An inherent property of some “electrode 
B—Excessive welding current for the type of electrode, or 
diameter. C—Excessively long arc. D—Arc blow. robl. 

Cures: A—Select proper type of electrode. B—Reduce ! 
welding current. C—Hold proper arc length. D—Reduce arc bio’ quipi 
E—Paint parts adjacent to weld with whitewash, which preve! lari 
prills from sticking, and they can then be brushed off easi — 


ary ft 
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How Rail Failures Are 
Being Prevented 


By R. E. Cramer 
Special Research Associate Professor 
University of Illinois 
Urbana, Illinois 





N ORDER TO APPRECIATE modern rail man- 

ufacturing practices, we must consider some 
ff the difficulties formerly encountered in service. 
Probably the most disturbing and dangerous type 
of defect to develop in rails was the internal 
transverse fissure such as shown in Fig. 1. This 
defect was described and named in 1912 by James 
E. Howard, then chief inspector of safety appli- 
ances for the Interstate Commerce Commission. 
This type of failure was studied individually by 
many railroad engineers and metallurgists for the 
rail mills from its first discovery. 

Lacking any agreement as to cause or remedy 
the best that could be done was to remove fissured 
rails. as fast as they could be discovered. Fortu- 
nately the detector car came into use in 1928, a 
device which can discover sub-surface defects 
while travelling over the track, by registering the 
lifferences in the electrical properties (the Sperry 
type car) or in magnetic properties (the A.R.E.A. 
ype car) of the rail at a dangerous defect. About 
‘’ Sperry cars are now in constant use, and about 
‘ight of the A.R.E.A. magnetic type. 

In 1931 a joint investigation of the causes 
ind methods of prevention of transverse fissures 
Vas Started at the University of Illinois under the 
lirection of Professor H. F. Moore. The contract 
or this work covered a five-year period and it 
‘orked out that this was about the time neces- 
“ry to determine the best cure for the fissure 
roblem, and for all American rail mills to install 
‘ipment to handle their production. Sum- 

laries of the findings of the research committee 


“A research typical of the very best that can be 
done, and one of tremendous value to the rail- 
roads of America.” This is the appraisal of the 
rail investigation at Urbana, which was made by 
4. G. Trumbull, Chief Mechanical Engineer to 
the Advisory Committee of the Chesapeake & Ohio 
Railway Co. and its associated railroads, acting 
as summarizer of the group discussion on “ Metals 
for Railroads” at the last @ Convention. Professor 
Cramer, who gave the following brief talk to this 
group on “How Rail Failures Are Being Pre- 
vented” is eminently qualified, for he has been 
studying the fissure problem for 14 years, one 
of the men of this Urbana group who have been 
investigating rails under the joint auspices and 
direction of the Rail Manufacturer's Technical 
Committee and the Association of American 


Railroads. 


have been published at intervals in Metal Progress. 

It was found in rolling load tests at the 
University laboratory that transverse fissures 
could be developed only in rails which contained 
shatter cracks (see Fig. 2). It happened that 
I. C. Mackie at the Dominion Steel & Coal Corp., 
Sydney, Nova Scotia, started a separate investiga- 
tion of methods of preventing the development of 
shatter cracks in 1931. By December of that 
year, he had developed a commercial process of 
control-cooling rails which solved the problem. 
It was announced in an editorial article “Over- 
coming Shatter Cracks in Rail Manufacture” in 
Canadian Chemistry and Metallurgy, Vol. 16 
(1932), page 141. 

Mr. Mackie’s process was adopted after much 
experimentation by the United States rail mills 
in 1935 and 1936, and since that ‘time about 
8,000,000 rails have been produced yet only two 
control-cooled rails have developed transverse 
fissures from shatter cracks, as noted in the last 
line of the general table shown on page 522, 
Investigation disclosed that these rails were in the 
top layer of a cooling container which had a very 
loose fitting lid and so were not properly cooled. 
It was also found that control-cooling prevents 
most of the horizontal and vertical split head 
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nets. Only reasonable speed in getting them inio 
a cooling pit is necessary; some 150 to 200 hot 
rails are loaded into the pit, the pit is covered, 
and the rails cool slowly. That’s all there is {o jj 
If floor space for cooling pits is unavailable in , 
congested mill, a lot of gondola cars can be lined 
with insulating refractories, and tight fitting 
covers constructed, thus becoming movable pits 

A part of the writer’s work for the last sey- 
eral years has been the examination of control. 
cooled rails which have failed in service. (It js 
undoubtedly true that the old statistics are inac- 
curate inasmuch as there was no uniform prac. 
tice, road to road, as to just what should be 





Fig. 3— Vertical Split Head. This type of 
failure often develops from a longitudinal 
shatter crack normal to the running surface 





Fig. 1— Transverse Fissure 
Starting From a Shatter Crack 





failures (Fig. 3) which previously have been 
about as numerous as failures from transverse 
fissures. 

The control-cooling is simplicity itself. Since 
the temperature zone at which shatter cracks are 
produced is relatively low, the rails can cool on 
the hot bed through the critical range, and thus 
become magnetic and can be handled with mag- 








Fig. 2— Shatter Cracks in Slice From Rail 
Head; Etched in Hot 50% Hydrochloric Acid 








classified as a transverse fissure.) So far 91 hav 
been examined and the failures classified thus 
Detail fractures from shelly spots 27 
Transverse fissures from porosity 24 
Split webs lf 
Detail fractures from wheel burns 
Shelly spots only 
Transverse fissures from welded spots 
Horizontal split heads 
Vertical split heads 
Detail fractures from head checks 
Crushed heads 
Transverse fissures from shatter cracks 


wwewww = oO 
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Fig. 4¢— Transverse Fissure From 
Porosity Caused by Burning of the 
Bloom Before Rolling the Rail 





It will be noticed that 24 rails have developed 
transverse fissures from porosity. A typical exam- 
ple is shown in Fig. 4. The problem of eliminat- 
ing such porosity has been investigated by some 
mill metallurgists and it has been found that one 
cause can be the “burning” of the blooms while 
they are being reheated for shaping into rails. 

The problem of split webs (see Fig. 5) has 
been given serious study by several groups of 
engineers and it has been found that most of 
these failures are caused by spike maul blows on 
the side of the web opposite where the crack 








Fig. 5— Split Webs Caused by Spike Maul Blow. 
The maul struck just above the 8; numbers, 
maul dent, and crack have been reproduced in ink 


Fig. 6— Detail Fracture From 
Shelly Spot. A portion of the gage 
corner has been sawed out to show 
both the horizontal shelling crack 
and the transverse detail fracture 





Starts. Rail steel in the webs seems to be quite 
Sensitive to such blows at temperatures below 
25° F. Until recent years it was not customary 
‘or railroads to lay rails in cold weather, so this 
difficulty can be considered to be a war problem 
because in recent years the railroads have had to 
lay rails at any time they could get them rolled. 
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The problem of detail fractures from wheel 
burns is being investigated by laboratory studies 
conducted by the Southern Railroad. In the 
meantime, several railroads have adopted the 
practice of welding up wheel burns before they 
have an opportunity to develop fatigue cracks in 
All reports indicate that this process 
at least it is a satisfactory 
As will 


the rails. 
is quite successful 
measure to use during the war period. 
be seen in the table only three failures which 
developed from welded spots have been sent to 
the University of Illinois laboratory for study. 

There are two types of failures which at 


present present a serious problem to railroads. 
These are shelly rail failures (including the 27 
detail fractures which developed from shelly 
spots, as in Fig. 6), and detail fractures from 


“head checks Laboratory investigations have 
been underway for about three years to determine 
a satisfactory kind of rail steel to resist these 
It appears that an alloy steel 
chromium, 


types of failure. 
with properties equivalent to a 3° 
0.30% carbon rail steel described by George B. 
Waterhouse in Metal Progress in April 1934, or a 
heat treated carbon steel rail will be required to 
satisfactorily prevent these types of failures in 
certain track locations, such as on sharp curves 
where wear is so severe that the track normally 
Such rails will be much more expensive 
So far a few 


is oiled. 
than the standard carbon steel rail. 
heats of the 3% chromium rails have been placed 
in track for observations, but no American rail 
mill is prepared to furnish heat treated rails at 
the present time. 

In conclusion it may be stated that control- 
cooling has solved the major portion of rail fail- 
ures which occurred during the first five years of 
their service. Some new types of failures such as 
shelly rail failures are still being investigated, 
and it is believed that a considerable change in 
rail properties will be necessary to avoid them. 





Detection and Prevention of 
Incipient Cracking in Firebox 


and Boiler Steel 


By Ray McBrian 
Engineer of Standards and Research 
Denver & Rio Grande Western R. R. Co 
Denver, Colo. 





NY DISCUSSION of the subject of detection 
and prevention of incipient failures in fire- 

box and boilers will get into a consideration of 
fatigue failures, for it should be realized that in 
service the boiler and firebox undergo a sever 
stress cycle each time the locomotive is fired, and 
that stress cycles occur from drifting operations 
as by the feed water passing over the hot metal 
intermittently — from momentary temperature 
and pressure variations in normal operation on the 
road, and from the cool-down operations in wash- 
ing the boiler. Aside from true fatigue failures 
these service stresses at associated tempera- 
tures — greatly influence the life of the materials 
and contribute to the causes for incipient failures 
The types of materials used for locomotive 
boilers are the plain carbon steels, the so-called 
silico-manganese, the nickel steels, and the car- 
bon-molybdenum steels. Records to date indicate 
that there have been service failures in all these 
materials; no one material has been found whieh 
will meet all of the service requirements and 
This means that the mainte- 
nance crew must be constantly 
on the alert, and the boiler 


eliminate failures. 





must be carefully inspected 
with the most searching means 
at command, at safe intervals 

These complex failures !! 
service may be from aging 0 
embrittlement, from fire crack- 
ing, corrugation, corrosio! 
fatigue, fatigue from fabrica 
tion stress raisers, and [ron 


———_ 





Fig. 1 — Fire Cracking Betwee* 
Staybolts, Found by Magnafu: 


—° 
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Denver & Rio Grande Western Railroad has an 
enviable position among the Class I railroads 
for its very low number of engine failures on the 
It is primarily due to insisting on an 
iron-clad rule: “Nothing runs with a crack.” 
rhe next thing after discovering incipient failures 
before they make trouble in traffic is to find some 
means of preventing them. Ray McBrian heads 
up a department which has been very successful 
in just that, and in this contribution discusses 
the most prolific cause of trouble in locomotive 


road. 


boilers and fireboxes. 


improper composition of materials and their 
insufficient properties at elevated temperatures, 
especially in the so-called blue brittle range. 
Let us discuss some of these briefly. 

Aging —- The phenomenon of “aging” of steel 
has been and is the subject of much study. It 
seems to me that such terms as “strain aging”, 
“carbon aging”, “temper brittleness”, and “blue 
heat brittleness” are used to designate substan- 
tially similar effects. To us in a railroad’s 
research department, aging simply means that 
phenomenon which occurs under service condi- 
tions leading to brittleness and subsequent fail- 
ure and recognizable by a loss in elongation and 
reduction of area normal to the material in its 
original condition when tested in the standard 
tension test. Thus the fact that aging is taking 
place in metal, even before failure, is determined 
by the tensile test on material removed from 
service. The expected performance of material 
which may age in service can also seemingly be 
predicted by making tension tests at elevated 
temperature. When the yield point and tensile 
strength is plotted against temperature of test, 
those materials which show a rapid rise or a 
high peak in the blue brittle range (350 to 650° 
F.) can be expected to “age” in locomotive boiler 
service. Rimmed steel seems to be very suscep- 
tible to aging. 

Fire Cracking — Another of these boiler trou- 
bles is what is called fire cracking (Fig. 1). The 
explanation of fire cracking seems to be that 
When steel is heated from room temperature to 
000° F., it lengthens by approximately seven 
parts per thousand. If it is restrained from 
lengthening, as in a locomotive firebox rigidly 
held by staybolts, it must upset itself by com- 
pression or free itself to move in some other way. 
As a matter of fact a locomotive firebox sheet 
under 200-lb. pressure is at a variable tempera- 
‘ure of from 380° F. on the water side to a skin 


temperature on the fire side of approximately 
1000° F. Therefore, the fire side tends to expand 
more than the water side, and the sheet tends to 
bow out between the restraining staybolts. Even 
this does not relieve all the compression stresses, 
since the yield strength of the fire side skin is low 
at the temperature it attains. Under any of these 
conditions the fire side tends to upset or shorten 
at heat, and on cooling again the fire side surface 
is in heavy tension in all directions, and the sur- 
face tends to crack just as does an overstressed 
tensile specimen. Obviously, also, the cracking 
will develop faster in a sheet having a decar- 
burized surface, for strength is directly propor- 
tional to carbon content. This action therefore 
develops fatigue cracks of a nature which can be 
identified by a gingerbread appearance. The 
condition of the surface skin, or rather the depth 
of decarburization, also influences the tendency 
to crack both on the fire side and water side. 

These cracks between staybolts can be 
detected in their earlier stages by magnaflux, and 
later by visual inspection. They can and do occur 
in the absence of leaks. 

One of the solutions for this problem has 
been through the use of carbon-molybdenum 
steel, where 0.50% molybdenum is relied 
upon principally to strengthen the ferrite (decar- 
burized) surface. Obviously another palliative 
or cure is to correct the circulation to relieve the 
so-called hot spots.* 

Corrugations —- Associated with the tempera- 
ture effect is the problem of corrugations. Cor- 
rugations can be described as large deformations 
due to stresses occurring during firing, stresses 
which are too much for the low physical strength 
of the material at operating temperatures. 

The danger from corrugations is that scale 
can accumulate in the depressions, and result 
in serious overheating. Our solution to this prob- 
lem is to use a carbon-molybdenum steel which 
supplies the added strength necessary at operat- 
ing temperatures. 

Staybolts —- With these problems of the fire- 
box material are associated similar ones of the 
staying material, the staybolt. Materials gener- 
ally used by the railroads for this service are 
double refined wrought iron, and steel. 


*In discussion it was brought out that, from a 
“practical” standpoint, trouble begins when the stay- 
bolts begin to leak. The round-house boiler makers 
then head up the bolt, and from time to time the 
same thing occurs until there is no longer a head on 
the staybolt, and then the side sheets begin to fail. 
Consequently a steel is needed that will resist some 
of the abuse it gets in ordinary maintenance. The 
speaker believed that such a steel would also have 
improved properties at operating temperatures. 
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Fig. 2— Crack in Boiler Caused 
by Reamer Marks in Rivet Hole 





tant as contributing causes for 
failure. Especially is this true 
since our materials are operat- 
ing in the blue brittle range; 
associated with the problem of 
stress raisers is, therefore, that 
of temper brittleness. 
Rivets — Along with the 
failure of boiler sheet mate- 
rials is the failure of rivets. 
Many interpret rivet failures 





With steel staybolts, failures can occur from 
aging. This is usually found by the boiler inspec- 
tor when, upon tapping the head of the staybolt, 
it breaks, sometimes like glass. Physical tests 
then confirm the aging. Decarburized surfaces 
of steel staybolts also result in progressive fatigue 
cracks and rapid crack propagation, especially 
if the boiler water is corrosive and aging is pres- 
ent. Some investigators would call this stress 
corrosion. 

Brittle breakages have occurred in wrought 
iron staybolts, and upon micro-examination 
nitride needles have been found in the structure. 
This nitrogen content, we believe, was the con- 
tributing cause of failure. With both the steel 
and wrought iron staybolts, fatigue failures occur 
in the threaded area, usually starting at the root 
of the thread. There is need for further study of 
threaded materials and of means to reduce stress 
concentrations at such “notches”. 

Staybolt breakage has been greatly reduced 
on D. & R.G.W. locomo- 


as evidence of caustic or inter- 
granular corrosion; however, 
another cause can be temper brittleness or a 
brittle condition left in the rivet either after cold 
or hot working. This brittleness can also come 
from too low a carbon content; some rivets have 
been found which border on ingot iron. 

In summary, boiler shell failures can occur 
from a combination of service stresses, stress 
raisers and temper brittleness of the material. 
In addition to this type of failure is that of the 
intergranular type, “caustic embrittlement”, 
so-called, of which we have had very little in 
locomotive boilers on our road. 

From service records available, alloy steels 
appear to be more susceptible to notch sensitivity 
and rapid crack propagation, than plain carbon 
steels are. Consequently some railroads have 
foregone the possibilities of weight reduction by 
continuing the use of plain carbon steel rather 
than the stronger alloys. We need to learn more 
about the notch sensitivity of alloy steels, espe- 
cially under operating temperatures, and we must 





tives by the use of molyb- 
denum wrought iron. We 
have not had a broken 
radial bolt from this 
material in the last four 
years. 

In boilers, as well as 
in fireboxes, fabrication 


practices are most impor- 





Fig. 3—Cracked Rivets 
Resulting From Improper 
Driving Temperatures Which 
Left Them in Highly Stressed 
or Embrittled Condition 
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insist that fabricators give more care to the 
handling of alloy materials. 

Inspection — Radiographs, using either radium 
or X-ray, can be utilized for the detection of 
cracks in boiler seams. Radium is portable and 
can be easily adapted to the job in hand. Magna- 
flux methods can also be used both for the detec- 
tion of surface cracks in the boiler and firebox 
materials, and also for the detection of lamina- 
tions in plates exposed in drilled holes and along 
the edges. 

Thermoflux methods for measuring heat dis- 
sipation through a sheet can detect laminations 
in plates. This same method, using coatings 
which change in color at various temperatures, 
can also be used to detect laminations or badly 


segregated areas. 


Recommended Good Practices 


In general, it may be said that in the future 
construction of locomotives, fully killed steel 
should be utilized in all firebox and boiler mate- 
rials. Steels with decarburized surfaces should 
be avoided, even though the fire side sheets oper- 
ite under conditions that normally would decar- 
In specifying 
constructional materials, designers must recog- 
nize the properties of the materials at the actual 


burize the surface slightly. 


perating temperatures. Fusion welding of boil- 
pers (with proper stress relief) will eliminate the 
so-called caustic or intergranular type of failure. 

Modern inspection methods using X-ray, 
radium, magnaflux, and thermoflux may be 
employed to detect failures in boiler and firebox 
s materials, and prevent breakdowns on the road, 
r even fatal accidents. 

Such steps are the more necessary when it is 
appreciated that boiler, firebox, crownsheet and 
staybolts are usually made of substantially the 
same materials as they were 70 years ago, yet the 
boilers are operating at 100 to 150° higher tem- 
about four times the pressure and 
evaporating at least ten times as much water per 
hour as did the early locomotives. It does little 
good to fall back the thought that the 
doctors do not yet agree upon the cause of failures 


perature, 


upon 


in fireboxes and staybolts, nor to argue with the 
mechanical and engineers as to 
whether the trouble is due to poor design or to 
poor steel or to poor maintenance. It may not be 


maintenance 


out of place, however, to point out the funda- 
stental error of punching holes and threading 
Bthem, thus introducing serious stress raisers, and 
‘till expecting these parts to stand up indefinitely 
Without cracking under heavy alternations of 


thermal] stress. 





Metal Limitations 


in the Perfection of Motive Power 


By Paul L. Irwin 
Engineer of Tests 
The Baldwin Locomotive Works 
Philadelphia 





Other parts of motive power, in addition to the 
boilers, tend to suffer from present commercial limi- 
tations in the manufacture of steels, castings and 
alloys of high and uniform quality, particularly in 
plates and forging billets. Mr. Irwin, speaking as 
a locomotive builder, presents some challenging state- 


ments to metal producers. 


N THE BRIEF TIME at my disposal, the large 
subject of metal limitations even as limited 
to motive power must be organized into main 
subdivisions. These may be (a) availability, (b) 
strength, (c) quality, (d) processing, and (e) 
These will be now considered in order. 
I. Availability It 
assume that all of the carbon and alloy steels in 
use before the war will be available post-war. 


cost. 


seems reasonable to 


The greatly expanded production of mag- 
nesium and aluminum will certainly invite the 
use of these alloys. Their application in steam 
and diesel locomotives at the moment is limited 
to cab frames, aluminum bearings, stream-lining 
and other low-stressed parts. Their use in vital 
aircraft parts indicates that they will have 
increasing applications in motive power. 

II. Strength — For highly stressed parts, and 
parts in which light weight is an important factor 
in reducing unbalanced forces, the high alloy 
steels will undoubtedly be used again. Such 
parts include main rods, side rods, axles, crank 
pins, pistons, piston rods, crossheads and boiler 
plate. In diesel locomotive engines, they would 
include crankshafts, connecting rods, connecting 
rod bolts, and fuel injection equipment. 

Parts working at higher temperatures, such 
as superheater bolts, staybolts, and diesel valves 
will undoubtedly be improved by the use of better 
materials and the application of some of the new 
creep-resistant alloys now under active develop- 
ment. The power of internal combustion engines 
could be greatly increased if material for pistons 
capable of much higher operating temperatures 


could be obtained. The present materials for use 
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at such high temperatures are very difficult to 


machine. Recent metallurgical work on the gas 


turbine may, in all probability, be modified for 


such uses. One of these new alloys has the 
interesting property of increased ductility at high 
temperatures. 

Failures of locomotive parts are almost 
invariably associated with fatigue cracks. Within 
reasonable limits we know that the endurance 
limit is associated with the tensile strength; 
therefore we should increase the tensile strength 
of the metal in the offending part, even though 
elongation and impact strength are somewhat 
reduced, provided due consideration is given to 
the effect of notches on the fatigue strength. (In 
other words, we heartily subscribe to H. W. 
Gillett’s booklet* on “An Engineering Approach 
to the Selection, Evaluation and Specification of 
Metallic Materials” and recommend the book for 
reading and study by railroad men.) Careful 
consideration will undoubtedly be given to a 
gradual increase of tensile strength to provide 
better fatigue resistance wherever experience has 
shown a tendency toward fatigue failures. 

Ill. Quality can best be considered 
four heads: Castings, forgings, plate, and quality 


under 


control. 

The quality of steel castings, iron castings 
and non-ferrous castings has gone through an 
extremely rapid evolution during this war period. 
Primary credit should be given to the insistence of 
the armed services upon high quality, and reli- 
ance upon radiographic and magnetic inspection. 
Having learned (sometimes forcibly) the value of 
radiography in the production of sound castings, 
most plants having such equipment will undoubt- 
edly continue to use it after the war. 

The strength requirements of heavy locomo- 
such as axles, main rods, side 
-make 


tive forgings 
rods, diesel crankshafts and camshafts 
it imperative that the steel be reasonably clean, 
free from non-metallic inclusions, residual pipe 
or any discontinuity that lends itself to the incep- 
tion of fatigue cracks. This is apparently a diffi- 
cult commercial requirement. The difficulty in 
obtaining metallurgically clean billets for large 
crankshafts, in fact, has forced some manufac- 
turers into the use of cast steel or cast iron parts. 
Experience has shown that when a given foundry 
has developed the technique of producing a sound 
casting to a given pattern, all subsequent castings 
to that pattern will be uniformly sound. In the 
hold 


case of 


forgings, this situation does not 
*Prepared for the War Metallurgy Committee, 
the National Research Council, and the War Produc- 
tion Board. Published by Penton Publishing Co., 
Cleveland 13, Ohio. 


because the forging manufacturer may have clean 
billets one week and dirty billets the next. (The 
word “dirty” is not just a figure of speech.) Ow 
forgings for future motive power must be made 
of steel of greatly improved quality. 

Plate material for weldments is also playing 
a very important part in the transportation indus. 
try. Welding technique has been markedh 
improved and important weldments are magna- 
fluxed and X-rayed. However, a great deal oj 
trouble has been encountered due to badly lani- 
nated plates which inevitably produce cracks and 
other defects in the weld. We have found this t 
be true in expensive, highly alloyed plates 
(S.A.E.4140) as well as in the better grades o/ 
carbon steel plate. (For the benefit of the brigh( 
young metallurgists who are saying to themselves 
“Brother, you should specify aircraft quality 
steel”, my parliamentary reply is “Unnecessary 
All we intend to specify is normally clean ste: 
comparable to the pre-war product, and we d 
not propose to pay any extras for that quality!’ 
Improved welding techniques are nullified if th 
material contains serious defects. Serious epi- 
demics of plate laminations are probably th 
result of pressure on the steel mills for astronom- 
ical tonnages, but every effort should be made hy 
them to bring the quality up to pre-war standards 
or better, as soon as possible. As hinted by M: 
McBrian in his talk on boilers, one serious limita 
tion in the design of steam locomotive boilers has 
been the prevalence of corrosion cracking that 
associated with the higher strength steels. This 
limitation will be completely removed, baseé 
upon present evidence, when the all-welded boile: 
is the rule rather than the exception. 

Control of Quality—tIn tomorrow’s trans 
portation, increased speed will be mandator) 
Increased safety must also be insured. The ree 
ord of the United States railroads, in this respec! 
is good; we have found that careful mate! 
inspection has reduced service failures of locom® 
live parts to a minimum. In my opinion, bot! 
increased speed and increased safety can 
achieved by the continued diligent use of mag 
netic and radiographic inspection, and the int 
ligent application of known methods of avoidits 
fatigue failures. Fatigue tests and special typ 
of dynamic testing, electric strain gages and br! 
tle lacquer coatings have proved to be pre-req! 
site tools in the evolution of safe, light-weilg 
mechanisms. 

IV. Processing — Helical springs of la" 
diameter wire have failed too frequently, due | 
surface decarburization and to wire-draw! 
Such inferior material constitutes a s¢ 
design of 


marks. 


ous limitation in the large he! 
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Valuable 
metallurgical advances and processing techniques, 
such as shot blasting for placing the surface 
under initial compression and correspondingly 
reducing the maximum of tensile stresses under 
recurring loads, will markedly improve the endur- 
ance limit but such advances are completely nulli- 
fied if the processing of the bar stock and the 
heat treatment of the springs are not properly 
Some of our eminent metallurgists 
have frequently criticized the railroad industry 
for failure to take advantage of new metallurgical 
and processing techniques, but experience has 
shown that we must start with a basically sound 
material, and the processing and heat treatment 
must be properly executed, before some of the 
newer developments can be safely applied. 


springs for locomotives and tenders. 


executed. 


VY. Cost is always an economic limitation in 
the design of motive power. We are continually 
seeking to reduce the weight of many parts of the 
locomotive; a reduction in weight usually implies 
an increase in stress, and increased stress involves 
the use of comparatively expensive alloys and 
carefully controlled heat treatments. This obvi- 
ously is costly, and frequently runs counter to 
the economic limitations mentioned. 

Conclusions — Metal limitations in the per- 
fection of motive power can be eliminated if the 
following steps are taken: 

1. We strive to bring the quality of steel 
billets and plates up to the pre-war level or better. 

2. We continue the use of magnetic, radio- 
graphic, fatigue and testing where 
experience has shown them to be mandatory. 


electronic 


3. We improve the control of processing 
and of the actual heat treatment — adequate 


equipment for this is available. 

+. We then utilize any of the new metallur- 
gical and process developments that will be suffi- 
ciently beneficial to the part under consideration. 


In the discussion of Mr. Irwin’s between 


elongation, endurance 








Improving the Railroad Axle 


By O. J. Horger 
In charge of Railway Engineering and Research 
The Timken Roller Bearing Co. 
Canton, Ohio 





DESIGN FORMULA for railroad car 

was developed by Reuleaux in 1896 and the 
fundamental geometry and 
lished about 50 years ago have generally prevailed 
until recently. During this time, however, vari- 
ous metallurgical improvements were made in 
axle forgings, and this was fortunate, for as the 
years went by the railroads became conscious of 


axles 


dimensions estab- 


the increased dynamic forces being imposed on 
axles as a result of changes in operating condi- 
tions, such as increased speeds. 

The relative nuniber of axle failures in road 
service was very small and, generally speaking, 
there was a known remedy for correcting these 
failures, except for those fatigue fractures which 
developed in the axle under the pressed-on wheel. 
Therefore this later type of fracture due to stress 
and fretting corrosion, so-called, is the one 
worthy of discussion now. 

The solution to this problem obviously 
required fatigue tests. Ordinarily these are made 
on small, highly polished 
view of the 


as is well known 


specimens of standard shape. In 
difficulty in relating the properties of this small 


ideal specimen to the service of a large irregularly 


Deep etch is susceptible to various 


talk, it was pointed out that the 
railroad man had greater confi- 
dence in carbon steels because of 
their general ruggedness and 
resistance to abuse by repairmen 
of rather low skill. One speaker 
said he would continue to favor 
them, since their quality was 
improving and since they had still 
lo | their maximum 












) be used to 
idvantage, and in best microstruc- 
tural condition. Another pointed 
out that there was little specific 
int ation yet available as to the 
proper physical properties of alloy 
ind the proper relationships 
example between elastic 
‘mit and ultimate strength, or 
















limit, and notch-bar resistance 
for specific applications such as a 
locomotive side rod. It is difficult 
to translate the experience of the 
automotive field to the use in rail- 
road equipment, for the increase 
in size of the respective parts is 
so great that problems of heat 
treatment and mass effect arise. 
Responding to a question as to 
his company’s specifications for 
quality in the raw material, Mr. 
Irwin said that the primary test 
on a heavy forging such as a 
crankshaft is to deeply etch a disk 
cut from a prolong on each end. 
That is the only non-destructive 
test in use, other than magnaflux. 
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interpretations, but the main idea 
is to decide whether the part is 
safe or not. Many large crank- 
shafts had been rejected; one 
group of 19, rejected from a large 
shipment (the billets having orig- 
inally 
pliers) were cut apart and studied 
internally, and there was only one 
of them about which rejection 
could be debated; 18 of the 19 
revealed bad conditions of pipe 
and segregation which by the 
nature and shape of the part would 
introduce 
where the working stresses would 
be highest. 


come from several sup- 


zones of weakness 


In the fundamental work done by Dr. Horger 
and his associates on the fatigue strength of rail- 
road axles, using full size axle and wheel com- 
binations, an entirely new and damaging type 
of stress has been brought under control. A 
designer who relied on the fatigue strength of a 
plain 0.45% carbon axle steel, as determined by 
the small rotating specimen, would have felt com- 
fortably safe with a maximum stress of about 
30,000 psi, but cracks will start in the axle 
within the press fit at one-third that stress. And 
car axles are being continually worked at higher 
stresses in the modern severe operating condi- 
tions. The at this (Mr. 
Trumbull) said that this work on axle and crank 
exclusively due to fatigue and 


summarizer session 
pin failures 
under conditions that railway engineers under- 
stand none too well 
but should now be extended to driving axle de- 


had been of great value, 
sign, since they are now subjected to stresses 


of intensity unknown in the days when bear- 


ings were exclusively of the bronze friction type. 


shaped object, the manner in which the investiga- 
tion of axle failures proceeded was novel. There 
cannot be too much credit given to the decision 
of the Railroads 
(through its Axle Research Committee, of which 
W. I. Cantley is chairman) to make fatigue tests 
size car than size 
This project, including the fatigue test- 


Association of American 


on full axles rather scale 


models. 
ing of full size axles, was initiated in 1937 and is 


being continued seven 


and following with a low temperature draw. If a 
tubular axle were quenched from both outside 
and inside and tempered at the customary com- 
mercial temperature of about 1000° F., then it 
would have inferior fatigue resistance. (This use 
of the proper kind of residual stresses to improve 
the fatigue resistance of axles is also receiving 
increasing attention and application in aircraft 
and ordnance parts. ) 

Improvements in fatigue resistance, similar 
to those mentioned above for car axles, have also 
been determined for driving axles and crank pins, 
Again, the shape of the member has been modi- 
fied to reduce the stress concentration occurring 
inside and near the end of the press fit. As an 
example, a circumferential relief groove as much 
in. deep is turned in driving axles adjacent 


as x 
The function 


to the inside face of the wheel hub. 
of the groove is to obtain a better flow of stress 
between axle and wheel, so as to result in less 
stress concentration near the end of the wheel fit 
This groove is rolled with a roller shape and 
pressure which is sufficient to plastically deform 
the surface layers of the groove. This operation 
of cold rolling increases the fatigue resistance ol 
the metal at the bottom of the groove, and coun- 
teracts the detrimental influence that the round 
bottomed notch would have in inviting failure t 
occur in an otherwise smooth cylinder near th 
base of the groove. A large number of driving 
axles of this type have been placed in service and 
none have ever failed in the groove. 


When other machine members 


axles or 





days a week and 24 hr. 
a day. 





Now what are the 


tangible results? 


T 
| 5$ had 
—_t__ i 














The design of the 


AAR Passenger Car Axle; Solid 














Tubular Axve for Ail Purposes 





passenger car axle — that 
is, its shape — has been 


changed with no modifi- 


Solid Car Axle 1s Improved by Cold Rolling 7-In. Wheel Seat; C ompressiv 
Stress Is Induced in Tubular Axle’s Surface by Quenching Outside On) 


rdin: 


—<) 


ropa 





cation of material or heat 
treatment to obtain 60 to 
80% increase in fatigue resistance at the wheel 
fit with an increase of only about 4% in weight. 
Also a heat treated tubular axle has been tested 
and approved by the Association of American 
Railroads, which is about 30% lighter in weight 
than the solid axle. Its better ratio of fatigue 
strength to weight is due to high residual com- 
pressive stresses induced in the outer surface. 
This axle is of steel with only about 0.35% carbon 
content without any added alloys, and its favor- 
able fatigue strength to weight ratio is obtained 
by quenching from the outer surface only, pre- 
venting quenching water from entering the bore, 
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t wh 
develop fatigue fractures it is common practi equir 
to make the entire part larger, instead of improv here 
ing the design in the region of fracture. This Hipivide 
erroneous procedure leads to increased rigidity T 
and under impact loading contributes to eve! 
higher stresses than would be obtained with : 
flexible Increased trail 
speeds are considered to result in larger impat' 
forces on axles than occur at low speed. Under 
these conditions it is desirable that the axle » 
as flexible as possible without developing failur 
as well as be of light weight, so as to absorb this 
impact energy by a maximum of deflection an 


aligui 
iere 


smaller, more axle. ufficie 





: minimum of impact stress. In similar 
er it can be explained how most designs of 
whee! centers with great lateral stiffness would 
nerease the impact stresses in an axle from 
jange thrust over that obtained with a wheel 
with a more flexible center. It would be kind to 
the axle if a wheel center design could be pro- 
ded of adequate strength but greater lateral 
flexibility than we have on most of the wheel cen- 


ters in use today. 

\ number of railroads are cold rolling the 
wheel fit portion of driving axles. Rolling will 
bout double the fatigue resistance of the axle 
wainst actually breaking off in the wheel fit, and 
there is no other known means of doubling the 
factor of safety against road failures at so small 
. cost. A combination of rolling and the relief 
sroove has enabled some railroads to obtain 
greatly increased mileage, safely, from the axles. 
lhe present limited practice of machining out the 
ery shallow fatigue cracks that may develop in 
the axle wheel fit made in this manner, and then 

rolling is one which could be safely extended 

its use, for extensive research has given us a 
Shbetter knowledge of how the fatigue cracks initi- 
te and then propagate in the wheel fit of an axle. 

All railroad maintenance men have observed 
the patches of brown iron oxide found in particu- 
larly large amounts near the ends of the press fit. 
This is caused, in service, by a minute sliding 

tion of the end portion of the hub bore on the 

e surface, due to the alternate elongation and 

ntraction of the axle fibers during its rotation. 
rhis minute and continuous rubbing of the wheel 

| the axle under bending stress results in one 
{ the highest forms of stress concentration that 
known, associated with a reduction of the 
ligue strength of the steel through fretting or 
bbing corrosion. Fatigue cracks initiate due 
this rubbing corrosion at what appear to be 
ry low axle bending stresses, as computed by 
rdinary formulae, but they generally will not 
ropagate in depth at the same low stress value 
{which they initiate — a higher stress is usually 
equired for propagation of the fatigue crack. 
herefore the solution to the press fitted problem 
fivides itself into two parts: 

The first part deals with the initiation of the 
aligue crack. During the life of many axles 
‘ere are a large number of stress reversals of 
ufliciently low magnitude to initiate a fatigue 
fack. For example, it was found from fatigue 
‘ts of the old “black collar design” of car axle 
“S-lorged, not heat treated after forging) that 


Ny nominal calculated bending stress in the 
heel fil exceeding 9000 psi. would be likely to 


arta fatigue crack in the wheel fit. By a change 
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in axle shape so as to mount the wheel on a 
raised seat in accordance with the design of the 
present A.A.R. passenger car axle, this 9000 psi. 
was increased to an allowable 12,000 psi., an 
improvement of 33%. If no significant change 
in shape of the wheel seat was made but surface 
residual compressive stresses were induced in the 
axle, as in the heat treated tubular axle, then this 
9000 psi. would increase by 50% to 13,500 psi. 
It was also found that fatigue cracks would initi- 
ate in the wheel fit of the new design of normal- 
ized and tempered passenger car axle having a 
raised seat when the bending stress exceeded 
9000 psi., or at a stress 3000 psi. lower than for 
the same design of axle in the as-forged condition. 

All these stress values apply to car axles 
where the ratio of wheel seat diameter to the 
length of the wheel hub approaches unity; with 
driving axles and crank pins, however, these 
stress values are less favorable, possibly due to 
this ratio of diameter to length being much 
greater than unity. Here we find that fatigue 
cracks may initiate at stresses as low as about 
5000 psi., nominal bending stress, as compared 
with 9000 psi. for the car axle. It is therefore 
apparent that, even if a 50% improvement in 
fatigue resistance could be obtained over the 5000 
psi., the increased resistance would still be much 
below the stresses that could be regularly 
expected in service operation. Hence this prob- 
lem of preventing fatigue cracks initiating in 
driving axles and crank pins is much more diffi- 
cult of solution than for car axles. 

The second part of this problem is concerned 
with the propagation of the fatigue crack which 
has initiated in the wheel fit as described above. 
In order to actually break off an as-forged axle 
in the wheel fit it generally requires a stress 
increment about 2000 to 7000 psi. above that 
required for initiating the fatigue crack; the 
actual stress depends on several factors of which 


the carbon content of the steel is one. For nor- 





Inboard Railroad Axle Being Surface Rolled at Relie; 
Wheel is pressed on outer end of axle so thai 
inside hub face is flush with end of relief groove 


Groove. 





a. 
— 





malized and tempered axles this increment or 
margin of safety between a harmless superficial 
crack and a fatal less than 
1000 psi. The normalized and tempered condi- 
tion gives a less favorable structure than the 


growing crack is 


as-forged metal from the standpoint of fatigue 
resistance of car axle at the wheel fit. While this 
statement is contrary to generally accepted 
opinion, such findings have resulted from labora- 
tory testing of many full-sized axles; it remains 
to be substantiated or found in error through the 
results of future road tests. On crank pins and 
possibly driving axles (normalized and tempered ) 
the nominal 11,000 psi. to 
cause the incipient fatigue cracks to propagate to 


stress must exceed 
complete fracture. 

By rolling the wheel seats of such members, 
or heat treating in a manner to leave high surface 
residual compressive stresses, a nominal bending 
stress of as much as 22,000 psi. is required to 
propagate initial cracks to a depth of about 44 in. 
in 300,000 equivalent miles. A stress greater than 
22,000 psi. would be required to propagate to 
complete fracture. Certainly this characteristic 
of greatly retarding crack propagation is of prac- 
tical advantage from three angles: (a) It greatly 
increases the factor of safety against the axle 
breaking off in (b) may be 
increased before it is necessary to examine the 
axles; (c) after 300,000 the 
fatigue cracks, if present, are shallow enough so 


service; mileage 


miles of service 


they may generally be machined out by one of 
several practices and the axle returned to service 
with safety for another mileage period. 

Brief mention must be made of the fact that 
the railroads are now locating, in good time, axles 
and other parts with very small fatigue cracks 
which would not have been detected by inferior 
methods of examination used in the past. The 
availability in later years of more refined methods 
of crack detection equipment, such as magnaflux, 
raises the question as to the value of data on 
cracked parts found now as compared with simi- 
lar data on parts obtained previous to the use of 
better detection methods. Even now most rail- 
roads use the dry magnaflux method, whereas 
few use the wet method which is still more sensi- 
tive in locating flaws. Again, supersonic methods 
of inspection are being developed which claim 
still greater refinement and sensitivity in expos- 
ing some imperfections. 

In summarization 
may be improved by proper shape but if we are 
to obtain the maximum fatigue resistance, resid- 


Axles and crank pins 


ual compressive stresses must also be present in 
the surface layers. These compressive stresses 


may be obtained in two ways: 


1. By thermal means, such as proper type of 


quench, flame hardening or induction hardening 
In these cases a sufficiently low drawing tempers. 
ture must be used to avoid the release of th, 
favorable initial surface stresses. 

2. By some form of cold work or rolling. 

These methods will about double the fatigy 
limit stress at which the axle or pin will break 
off within the press fit. (Shot peening, meta 
spraying and other methods of preparation hay 
been found beneficial and still others are unde 
constant investigation. ) 

While the values cited here generally apply 
to parts of plain carbon steel there are som 
limited data on alloy steels. Indications are thai 
practices found beneficial for the carbon ste 
will also generally prove advantageous if allo 
steels are used. In the meantime many of |! 
results of this research are being applied in sery- 
ice for final correlation with the tests. 





The Railroad Car Journal Bearing 


By John R. Jackson 
Engineer of Tests 
Missouri Pacific Lines 
St. Louis, Mo. 





NTRODUCTORY to a discussion of the sub) 
of the railroad car 
improvement it will be well to review briefly 
history and outline conditions under which ra 


journal bearing and 


road rolling stock has to operate. 

It may be in order to recognize at the outs 
that the railroads have been and are being cr 
taking advantage 


cized for being slow in 


“progress” in the design and construction 


journal bearings in other fields, and for beim 
backward in extending the application of ro! 


bearings. 

I think it well to limit my discussion to " 
journal bearings under cars in interchange * 
say, 
under the rules of interchange as promulga' 
by the American Rail! 
(A.A.R.). 
all freight cars in service on the railroads o! 


ice that is to cars which are opera 
Association of 
In normal times this covers practi 


country and — during the present war condil 
to large numbers of passenger cars as we'! 


The present-day standard A.A.R. journal! 
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sembly, of which the bearing is one part, is 
substantially the same as the assembly of 70 or 
years ago. The parts have simply been 
inereased in size with the adoption of the stand- 
ard axle sizes. The bearing is and for many years 
has been a cast “bronze” back of copper-lead-tin 
loy having a white metal (lead babbitt) lining 
_ in. thick soldered thereto; it carries the load 
through the crown and takes the lateral thrusts 
at the ends through the wedge and journal box. 
itis not a fitted bearing but must adapt itself to 
the diameter and contour of the journal on which 
thas to run, and must function with the com- 
ponent parts of the journal box, wheel and axle, 
and truck assembly of the running gear of the 
ar, all parts being subject to relatively liberal 
manufacturing tolerances and wide wear limits 
before being condemnable, the 
limits being based on long experience. 

Under the Association of American Railroads’ 
rules, periodic inspections of the journal box 
parts and renewal of bearings and other parts 





more 















tolerances and 







ndemnable are provided for, standard parts 
being stored at all repair points throughout the 
country. Such work is performed by the handling 
line and the car owner is billed through the A.A.R. 
ltcan readily be appreciated that these time-hon- 
red practices are a powerful industrial reason for 
maintaining the status quo of any arrangement 
hazardous. The railway 
mechanical forces at car repair and servicing 
points have evolved through the years, and are 
established through labor agreements which can- 
These are not 
schooled in handling precision mechanical work 
but are experienced in handling relatively rough 
perations involved in the repairs to and mainte- 
nance of the present rolling equipment. 
The present A.A.R. standard car journal 
bearings and associated parts in service and in 
lock on the railroads of the country represent a 
ery large investment in material. To materially 
ilter the present design of bearing would neces- 
tate changes in other related parts of the journal 
0X assembly and would truly constitute a major 
peration, result in confusion during the transi- 
ion period, and would require a large expendi- 
ure on the part of the railroads. There would 
ave to be a major reason and countervailing 
Mvantages for making any change that would 
ot be interchangeable with the present equip- 
that is, could not be easily replaced with 
stock parts or an assembly thereof. 
As a matter of fact and record, the over-all 
ance of the railroads in handling the 
lented volume of business during the 
war emergency has been accomplished 









that is in no 





way 






not be readily changed. forces 



















presen}! 
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with a remarkably low rate of train delays attrib- 
utable to the design of the present conventional 
solid car journal bearing under freight and pas- 
senger equipment in interchange service. Any 
mechanical design, to be continued essentially 
without change for over 50 years on the railroads 
of this progressive country, and to stand up 
under the present overload, has proven itself to 
be reliable and efficient. 

For these reasons, any changes in design of 
the car journal bearing will obviously have to be 
analyzed carefully from both the practical and 
economic viewpoints. 

I do not mean to infer from the foregoing 
that the present design %f railroad car journal 
bearing is perfect and that, therefore, there is no 
room for improvement. My purpose is to point 
some of the factors which 
sidered in our problem of improving the railway 


out have to be con- 
car journal bearing during the years to come. 
The very desire to improve recognizes that the 
present arrangement is not perfect. 

This leads us to the question as to what 
directions can be looked to for improvements in 
Three possibilities are open: 
anti-friction 


the present set-up. 

1. General adoption of 
(mechanical) bearings. 

2. Redesign of solid bearing and associated 
parts of the present journal box assembly with- 
out regard to interchangeability with present 
standard parts. 

3. Refinement 
of present bearing and associated parts, retaining 


of design and manufacture 
interchangeability with present standard parts. 

We will discuss these possibilities briefly. 

Anti-Friction Bearing. There are those who 
advocate specifying anti-friction bearings for all 
new railroad equipment to be built from now on 
and progressively changing over all existing roll- 
ing equipment to anti-friction bearings during 
the post-war period. This is a large order. In 
my opinion it is not an impossibility but rather 
an improbability, because of the financial burden 
on the railroads this program would entail. I 
would also question the claims for anti-friction 
bearings in interchange service from a mechan- 
ical and performance standpoint. 

The matter of application of anti-friction 
bearings to freight equipment is being studied by 
a committee under the A.A.R., and some progress 
has been made towards standardization of truck 
and box dimensions so that the bearings devel- 
oped by the different anti-friction bearing manu- 
facturers may be interchangeable. 

Redesign of solid bearing and associated 
parts (without regard to interchangeability with 
includes a 


present standard parts) number of 





things which might be done with a view to 
improving the present crown type, steeple backed, 
lined bearing. Among other possibilities are: 

(a) Removing the standard thrust collars on 
the outer ends of axles, thus permitting the use 
of a sleeve or a semi-sleeve type of bearing. 

(b) Eliminating the present conventional 
waste-pack used for journal lubrication, and pro- 
viding an oil-tight journal box permitting flood 
or bath lubrication and thereby eliminating the 
possibility of a “waste grab” as a cause of lubrica- 
tion disturbances in the present assembly. 

(c) Redesigning the entire truck and journal 
box assembly for use on freight equipment cars, 
employing the pedestal type and separate journal 
box now generally used in passenger service. 

Considerable progress has been made in this 
field of redesign as evidenced by the numbers of 
truck and Yournal box modifications which have 
been experimented with. Some service back- 
ground has also been accumulated during the 
pre-war era. 

Refinement 
present bearing and associated parts, retaining 
interchangeability with present standard parts. 
Activities in this category have been considerable 
during the past 15 years, including a rather com- 


of Design and manufacture of 


prehensive research program under the direction 
of an A.A.R. Committee on Journal Bearing 
Development, under way since early in 1942. The 
results of the development and research in this 
field have made available many of the pertinent 
facts relating to both the possibilities and limita- 
tions of progress to be expected in this direction. 
There is little reason to believe that American 
railroads will be backward in assessing the facts 
as they are developed by this research committee 
and adopting those moves that will clearly be 
shown to increase safety and operating efficiency. 


*xIn this same @ session on car can be 
Metals for Railroads Prof. W. M. 
Murray of Massachusetts Institute and 
of Technology and president of 


trucks, 





made that will carry 
3.8 lb. of pay load per Ib. of car 
certainly a 
improvement over the U. S. Rail- 


Some Effects of the Trend Toward 


Rolling Stock of Lighter Weight 


By Stephen H. Badgett 
Mechanical Engineer, Passenger Car Divis: 
Pressed Steel Car Company, Inc. 
Pittsburgh, Pa. 





N THE LAST DECADE, the passenger car | 
ticularly has been scrutinized with an ey 
toward improving appearance and reducing 
weight. There was a sound economic reas 
behind this — namely, to attract more passeng 
and to haul them cheaper. This is a widespr 
movement, far beyond the purchase of spec 
“name-trains” of fixed consist. 
As far as appearance and eye appeal go, adu 
reminded of 


+} 


travellers do not need to be 
change, nor of the improvement in comfort. T! 
exterior of passenger cars is not so differen! 
although the sleek lines and broad windows 

the newer equipment are immediately appare! 
The interior decorations have been transform 
from a rococo decoration of ingenious curves | 
the long, parallel lines in keeping with the sha 
of the structure. Harmonious color schemes ha 
been carefully studied. Individual, reclining seals 
amply cushioned, have replaced the less resilie! 
and more crowded double seats in the older car 


“Body specialties” have increased greatly in nut 


ber and importance. 
Weight has been reduced by impro' 


Furthermore an even more nota! 
improvement has taken plact 
great the experimental methods 

determining stress distributi 


the Society for Experimental 
Stress Analysis spoke on “Stress 
Analysis as a Means of Improving 
the Design of Railroad Rolling 
Stock”. He pointed out that the 
final objective of stress analysis 
should be to produce the maximum 
economy consistent with safety. 
“Economy” involves, among many 
other things, the question of how 
much money may be available for 
the analysis, which may often be 
best answered by a joint effort 
such as the study already made of 
the A.A.R. standard box car. This, 
by the way, indicated that a safer 


road Administration’s standard car 
of World War I, which can carry 
only 2.5 lb. of pay load per Ib. of 
car and trucks. This new car is 
one, too, which can readily be 
built, an answer to the thought 
that if the stress analyst is given 
a free hand he will produce a 
highly desirable design that is so 
expensive to build it is out of the 
question. 

As to the methods of stress 
analysis, Professor Murray said 
that the analytical methods of 
mathematicians are constantly 
being refined and improved. 
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such as the use of polarized lis 
on transparent models and 


various equipments for study! 


completed members and _ st! 
tures, such as electrical, meclié 
ical and optical strain gage 
X-rays, and “stress coatings’. 
Usually one considers tha! 
stress analysis has been satis! 
torily completed if knowledg 
the peak stress has been delt! 
mined in such a manner © 
service failures and accidents" 
be avoided. It would seem ! 
in the future there would be 
other consideration that might 
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Table I— General Trend in Steel Coach Weight 





1906 | LaTE | MODERN 
| TWENTIES | DELUXE 


CoacH “ 
| Coacu | Coacu 


ba 


Weight of complete car 110,100; 130,500 | 121,000 
Weight of two trucks 36,500 33,600 39,000 
Weight of complete body | 73,600) 96,900 82,000 
Weight of body specialties | 11,000 40,300 48,500 
Weight of body without 

specialties 62,600 56,600 33,500 
Body specialties in per- 

centage of complete body; 15% 42% 
Length of car 74% ft. 79 ft. 85 ft. 
Number of passengers 3 | 84 56 


| 


59% 











design, together with welding, high strength 
steels, and alloys of light metals — or a combina- 
tion of the latter three. A scrutiny of three 
typical coaches of different eras and their com- 
ponents illustrates the general trend. See Table I. 
Low alloy steel construction combined with 
an aluminum interior brought an abrupt decline 
in the weight of the complete car during the last 
15 years. The weight of the two trucks shows 
some increase due to the addition of various ride- 
cushioning devices and specialties. The weight 
of complete body shows a decline from the late 
twenties but a breakdown indicates some inter- 
esting trends. For example, the weight of 


complete body, this added column emphasizes 
the cost of the large lounge rooms and the 
spacious seating in existing deluxe coaches, 
with its decrease in total coach revenue and 
an increase in the weight hauled per passen- 
ger. This may also be an argument for 
further decreasing the complete car weight. 
Omitting consideration of the 56-passen- 
ger coach for the present, the figure for 
weight of body specialties shows that the 
service per passenger in the form of comfort 
and safety attributable to the specialties has 
been considerably increased over the condi- 
tions existing from 1906 to the late °20’s; it 
has been abruptly increased to over twice. 
Items “Weight of body without special- 
ties” accentuate the body weight reduction per 
passenger without penalizing the strength or 
safety of the structure. It is evident that the 
use of modern low alloy steels has considerably 
reduced the weight of the structure, but that the 
specialty weight has greatly increased and still 
tends in that direction. A broader use of the 
aluminum alloys in the deluxe coach, particularly 
in the structural members but not in the special- 
ties, will reduce its weight to approximately 
112,000 Ib. 
The increase in specialty weight may be 
attributed to two major causes the increase in 


body without specialties shows the results of Table II — Trend in Coach Weights per Passenger 





material development and design efforts in the 
weight of the combined structure and inside 
finish. Almost half the weight of the structure 
has been saved since 1906. However, the trend 


| | 
1906 LATE DeLuxe CoacHEs 
TWENTIES — 


CoACcH ; : 
CoacH EXISTING | IMPROVED 


of body specialties is decidedly the opposite, Number of pas- 


having increased to over four times that of the 
1906 coach. 

Table II is on a per-passenger basis in 
order to compare the service offered by the 


sengers 73 84 56 


Weight of com- 


plete car 1510 2160 


Weight of com- 


plete body 1010 1465 


railroads to their patrons in the three eras. Weight of body 


The last column of Table II tabulates figures 
for the modern car of Table I with the interior 
rearranged to seat 84 passengers instead of 56. 





specialties 150 865 


Weight of body 


without spe- 
cialties 860 7! 600 400 








With reference to weights of complete car and 


the inverse of this —that is, we static effect, and here is where serious in the railroad industry 
would like to reduce weight by the the reduction of weight is of tre- as in the aircraft industry; the 
elimination of unnecessary mate- mendous advantage. latter has been forced to carry on 
rial. Many times excessive weight Professor Murray laid especial experimental stress analyses to a 


's carried due to the fact that emphasis on the 


desirability of tremendous extent. 


little attention has been paid to producing a structure of essen- Finally, it must be remembered 
the regions of the structure in tially uniform stress so that as that no matter how good a stress 


Which there are relatively small little material as 
‘tresses. Where dynamic con- wasted. In some 


possible is analysis may be, it must be cor- 
industries the related with the resistance of 


ditions are involved, as in all cost of the excess material can be materials which are to be used. 
movi: . may o% . . 4 = 

Ovi machinery or moving measured in relatively large num- Furthermore, a thorough study of 
‘quipment, the inertia effect may bers of dollars. This loss due to failures should go on concurrently 


* far more important than any excess weight is 


not nearly as with any such analysis. 
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number, and the general lack of weight reduction 
in the individual specialty. I have gone into this 
second question of reducing the weight of special- 
ties with various manufacturers. Usually, there 
were two solutions — a more efficient use of steel, 
or the use of the light metals, particularly alumi- 
num. There was no hesitancy on the manufac- 
turers’ part to redesign around steel, but in some 
instances there was a marked hesitancy to use 
aluminum alloys. They would aver that the 
fabrication of aluminum was difficult and raised 
the price; that aluminum costs more, that it was 
not weldable, that aluminum castings tended 
toward porosity, that it corroded readily, and 
that it must be heat treated after fabrication. 

Some of the objections are obviously due to 
lack of familiarity with the true facts, and can be 
overcome through a process of education by the 
aluminum suppliers. Other objections are valid 
and present a problem for some of us here today. 
Cost is always a watchword. It is a problem for 
the metallurgist and production engineer to pro- 
duce a cheaper aluminum not alone cheaper 
ingot aluminum, which is already with us, but 
correspondingly cheaper castings, extrusions and 
sheet. It is a metallurgical problem to produce 
an aluminum alloy that is comparable in weld- 
ability to steel. Corrosion resistance is also 
within the metallurgical field. 

It would seem therefore that some of the 
major problems confronting aluminum, as far as 
its wider use by the railroad fraternity is con- 
cerned, are in the fields of education, metallurgy, 
and engineering, and should therefore be a chal- 
lenge to some of us. 

Body Design 
Railroads has published a specification covering 
the design of new passenger equipment cars. In 
this specification, there is a paragraph limiting 
to 1 in. the maximum vertical deflection of the 
car under a specified static end-buff. This is for 
all metals and is based on the distance between 
truck centers, with a recommendation of ™% to 
%4 in. for steel construction having approximately 
60-ft. truck centers. This requirement places a 
definite economic and weight handicap on the 
light metals and merits accurate stress analysis. 

Epiror’s Note: — Here the reader may refer 
to the footnote on pages 534 and 535. The sum- 
marizer of this session, Mr. Trumbull, pointed out 
that the A.A.R. box car is the only piece of rolling 
stock that has been adequately analyzed. | 

In designing with the low alloy steels, much 
thinner sections are used today for structural 
members than in the era of plain structural steels. 
The designing engineer must now recognize and 
have a working knowledge of the elastic stability 


The Association of American 


characteristics of members and sections of mem- 
bers. This also involves some complicated stress 
distribution in all-welded members. The strue- 
tural side sheet of a girder construction is quite 
thin and is subject to shear buckling. Due to the 
rapid cooling, spot welds in the low alloy steels 


tend to form a hard zone around the weld, 


resulting in a lowered resistance to a tensile 
loading. This in combination with the tendency 
toward dynamic buckling of thin side sheets in 
service will result in tensile-fatigue failure of 
critical spot welds unless the designing engineer 
properly stiffens the side sheets. 

We car builders are still having some trouble 
fabricating the low alloy steels due to their harder 
flow characteristics, liability to cracking under 
severe cold forming and, sometimes, defects 
apparently inherent in the steel’s manufacture, 

These problems present another challenge to 
the engineer and the metallurgist. 

Relative Costs—— The price of aluminum 
ranges from seven to ten times that of the low 
alloy steels on a per-pound basis. Even though 
the elastic modulus is roughly one-third that of 
steel, the structure does not require three times 
the material, and the lower weight of the alumi- 
num alloys works to advantage. Considering the 
structural shell only, the proportionate total 
material costs in a passenger coach may drop to 
a 3-to-1 or a 2-to-1 ratio, depending on the size 
of the structure and the amount of steel present. 
The reflection of this ratio in the total cost, how- 
ever, is markedly reduced by the addition of 
specialty prices, labor, and operating expenses. 
In proportion, the cost of a freight car would be 
influenced considerably more than that of a pas- 
senger car. 

Economics 
use of either aluminum or steel is not necessarily 
dependent upon the first cost or the weight saving 
involved. Other factors contribute largely. The 
savings in motive power and such recognized 
maintenance factors as ability to withstand 


- The economy resulting from the 


fatigue, corrosion, and hard usage exert a com 
siderable influence. 

The car builder is faced with a reduction 0 
the general size of individual freight car orders 
and therefore he must operate efficiently from 
start to finish of an order. Uniform materials © 
construction that meet this normal requireme®! 
of the industry for economical fabrication ané 
assembly must be available. 

The faster and more efficient freight and pa* 
senger schedules of the future will countera 
any tendency toward reversion to heavier struc 
tures, but the light weight cars must be we! 
designed and economical to operate. e 


Metal Progress; Page 536 








Good properties from mild 
quenching operations make 
molybdenum steels suitable 

for bulky, complicated castings. 





CLIMAX FURNISHES AUTHORITATIVE ENGINEERING E MOLYBDIC OXIDE, BRIQUETTED OR CANNED « 
DATA ON MOLYBDENUM APPLICATIONS. Mt es FERROMOLYBDENUMe”“CALCIUM MOLYBDATE” 
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PERSONALS 





Appointments by Universal-Cy- 
clops Steel Corp.: E. P. Harter @ 
as sales representative in Western 
New York State; W. D. Fisuer © 
as special representative in Detroit; 
Ricuarp H. Dexter @ as sales rep- 
resentative in the State of Rhode 
Island; R. A. B. 
cific Coast representative. 


WILLIAMS as Pa- 


R. L. Heatu @, formerly chief 
metallurgist of the Allison Division 
of General Motors Corp., Indianap- 
olis, Ind., has joined the Climax 
Molybdenum Co. as metallurgical 
engineer with headquarters in St. 
Louis, Mo. 


H. J. LAWRENCE @ has been 
transferred from R. G. LeTourneau, 
Inc., Peoria plant, where he was 
inspection supervisor, to the Le- 
Tourneau plant of Vicksburg, Miss. 
in the capacity of Peoria represent- 


ative. 





KINITE is in the high carbon 
chrome alloy tool steel air 
hardening class. 


An analysis all of its own... . 
Its characteristics: 


1 Increases production. 


2 Reduces grinding and retooling time. 
3 Resists wear and abrasion. 
4 Excellent machinability. 


5 Minimum distortion. 
6 Fine heat treatability. 


7 Immune to cracking during heat treatment. 
8 In bar stock or castings. 


KINITE alloy air hardening steel offers an 
unusual combination of features never be- 
fore foundfin‘a steel of this type. 


Pamphlets on request. 


a 


H. BOKER & CO., Inc. 
101 DUANE ST. @ 


NEW YORK 
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ALEXANDER Gosus @, chie! me 
allurgist, and CHARLES Daviporr @ 
chemical engineer, have beg 
elected vice-presidents of Sam Toy, 
& Co., Inc., New York. 


Frep J. Tosras @, formerly pro. 
duction engineer for Sam Tour ¢ 
Co., Inc., is now production map. 
ager for Powder Metallurgy, In 
New York. 


E. I. VaLty1 @ has resigned 
vice-president of Sam Tour & C¢ 
Inc., and is now president of A.R] 
Corp., New York. 


H. F. Moore @ has retired ; 
professor of engineering materials 
at the University of Illinois, by 
will continue to engage in som 
special war work testing and som 
special studies in the fatigue 
metals. 


Transferred by American Mar 
ganese Steel Division of the Amer 
can Brake Shoe & Foundry © 
JoHN E. Ho_ttMan @, from Denve 
to St. Louis, Mo. as works manager 


Ep JENNINGS @ is now em 
ployed at the Dominion Engineer 
ing Works, Ltd., Montreal, as r 
metallurgist. 


JoHN W. W. SuLiivan @, for 
merly chief of inspection, Cley 
land Ordnance District, is now 
member of the sfaff and consultan! 
Hill and Knowlton, New York. 


P. C. Beck @, formerly with th 
Aluminum Co. of America in Cleve 
land, is now chief metallurgist 
the Castings Division of the Re 
nolds Metals Co. 


R. W. Warrna © has resigne 
from the Sperry Gyroscope ' 
Inc. to become associated with | 
Bridgep 
Conn., as chief engineer of the E 
Main Plant. 


Bridgeport Brass Co., 


L. S. Wi_coxon @, formerly w!! 
Wright Aeronautical Corp., is ! 
assistant plant engineer 
National Bronze & Alun 
Foundry Co. and the Nationa! 
minum Cylinder Head Co. 


L. L. Wyman @, who has Dé 
serving on the staff of the War ™ 
allurgy Committee, is now back ! 
time with General Electric ‘ 
Schenectady, N. Y., as researc 
metallurgist. 





This picture shows coils of copper awaiting final 
processing in a Revere plant. It comes glistening 
from between the finishing rolls true to gauge. 
It is delivered to you in the form of sheet, strip or 
roll in the correct temper and finish as specified 
and in accurate dimensions. We have been rolling 
copper for 144 years, and being the oldest metal- 
working firm in the country, know how to do 


it right. 


Today, Revere copper goes to war. It is a vital 
metal, available from Revere or its distributors 
on authorized C.M.P. orders. 


Some day it will goto you freely for civilian metal 
work, for radiators, heat exchangers, stamped 
and spun parts, ducts, kettles and a thousand and 
one products. Copper is preferred for plant and 
home equipment and consumer goods because 
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COPPER ON ITS WAY TO PERFECTION...BY REVERE 


it is so easily cut, formed, worked and soldered; 
because of its high heat and electrical con- 
ductivity, its resistance to corrosion and the 
readiness with which it may be plated and tinned. 
In most applications it is so long-lasting as to 


be permanent. 

When the day of reconversion comes, Revere 
will have few problems in its copper mills. We 
and Revere distributors in all parts of the country 


will supply you freely. 


REVERE 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
Executive Offices: 230 Park Ave., New York 17, N.Y 
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PERSONALS 





Harry D. Buss, Jr. @ is now 
manager of the Jet Propulsion & 
Turbine Division of Thompson Air- 
craft Products Co., Cleveland. 


T. H. STaANcLIFF © is now man- 
ager of the Rock Bit Division of the 
Security Engineering Co. of Whit- 
tier, Calif. 


ApaM J. Texter @ has resigned 
frem the Universal Cyclops Steel 
Corp., Bridgeville, Pa., and is now 
with the Chromium Mining & 
Smelting Cerp., Ltd. of Sault Ste. 
Marie, Ont., as steel consultant for 
electric and openhearth furnace 
precesses. 

Eleeted to the board of direc- 
tors of the Metal and Thermit 
Corp.: John B. Tinnon, vice-presi- 
dent in charge of sales, and WAL- 
Ton S. Smitu @, vice-president in 
charge of production. 





| 
| 


i ee 





Sentry Model YP Vertical 
HS Steel Hardening Furnace 


STRAIGHT! 
HARD! 
CLEAN! 


Use a Sentry Vertical 
H. S. Steel Hardening 
Furnace and The Sen- 
try Diamond Block 
Method to assure... 


e STRAIGHTNESS 


e HARDNESS 
e CLEANLINESS 


Designed especially for Long and Large 
tools that are best hardened in a Vertical 


Suspended Position. 


Four sizes, with 


tool capacities up to 4°4” Diameters and 


36” Lengths. 


Built for Sentry Diamond Blocks with 
Sentry Operating Economy ... Sentry 


Speed of Heating 


.. . Sentry Reliability 


Bulletin 1023-4A Gives Details 


The Sentry Company 
FOXBORO, MASS.,U.S.A. 
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Honored by the American Instj. 
tue of Mining and Metallurgica) 
Engineers: Rosert F. Ment @ 
head of the department of metal. 
lurgical engineering, Carnegie Insti. 
tue of Technology, awarded the 
James Douglas Gold Medal for dis. 
tinguished achievement in non-fer. 
rous metallurgy; Epwin CHEstTR 
Wricut ©, assistant to the presi. 
dent, National Tube Co., awarded 
the Robert W. Hunt Silver Medal 
and Certificate for his paper on 
“The Manufacture and Properties of 
Killed Bessemer Steel”; Wrtumy 
MARSH BALDWIN, Jr. @, chief met. 
allurgist, Euclid Case Plant, Chase 
Brass and Copper Co., Cleveland, the 
Institute of Metals Division 
for his paper on “Effect of Rolling 
and Annealing Upon the Crystal 
lography, Metallography and Physi- 
cal Properties of Copper Strip” 
Cart Gustav HoGperec, assistant t 
the chairman, Blast Furnace Con 
mittee, U. S. Steel Corp. of Dela 
ware, the J. E. 
for his contributions to the science 
and art of smelting iron ores in thé 
blast furnace. 


Awaré 


Johnson, Jr. Awar 


Marcus A. GROSSMANN @, direc 
tor of research for Carnegie-Illinoi 
Steel Corp., is the 1945 How 
Memorial Lecturer of the America 
Institute of Mining and Metallurg 
cal Engineers; CHARLES SANBOR) 
Barrett ©, physicist, Metals Re 
search Laboratory, Carnegie Inst 
tute of Technology, is the 194 
Institute of Metals 
turer of the A.I.M.E. 


Division Le 


Leroy E. Fink © formerly 
Denver, Colo., is now employed 
Battelle Memorial Institute, Colur 
bus, Ohio, as research engineer. 


Mason ARTHUR E. INMAN § 
formerly executive officer, Su 
flower Ordnance Works, Lawrence 
Kansas, has been transferred 
Office of Chief of Ordnance, Was 
ington, D. C. 


Promoted by A. F. Holden C 
Burton R. Payne @, from serv! 
engineer to field engineer for Sou! 
ern California. 


Transferred by Aluminum ¢ 
of America: Russett V. Bons § 
from superintendent of tube pla 
Lafayette Works, Ind., to super 
tendent of tube plant, Cressog 
Works, Pa. 
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Phyift RADIOGRAPHY’S PROMISE: 
Strip” extended horizons for your prod- 
tant t uct... higher quality. ..lower costs. 
» Con 
i Dela A fac t every body knou ee The war 
Awar ve radiography the opportunity to 
science lemonstrate its ability to determine 
; in the soundness or unsoundness of intef- 
nal structure—nondestructively. A 
fact net everybody knows . . . Radiog- 
, dire raphy has proved itself so widely 
Tilinot to those who have had experience in 
How using it that its growth has been 
nerica spectacular—over 1000% in three 
allure@® years and it’s still growing. 
ANBOR) Let’s look at some case histories. 
als Re One manufacturer—faced with a 
e Inst hable 6-hgure loss when visual in- 
re 194 spection of his product showed hair- 
yn Le cracks in metal—called radiog- 
raphy to the rescue. Subsurface in- 
spection—penetrating “x-ray”’ scru- 
wail ~ ae 
bers tiny proved the cracks to be 
joyed harmless surface “‘pleats”’ resulting 
Colur irom processing...not aflecting 
neer. structural strength. Thus, potential 
; rap” went into effective use, hun- 
MAN & , : 
' dreds of man-hours and machine- 
r, su , 
- hours were salvaged. 
wrent ; : 
Again, here’s how radiography 
rred | “tool”: Foundry 
acied as a process 00 :* ro { - 
>, Was oo ¢ 
jen C 
1 servi 
yr Sout 
FUNCTIONAL PHOTOGRAPHY Serves All Indus- 
' try: Photo-Visuals teach and sell, faster, with 
num > lasting impressions. Photomicrography re- 
Boss ’ microstructure of metal surfaces and ef- 
of treatments. Spectroscopy analyzes com- 
lat - of F car 
be P . substan es, quantitatively and qualitatively, 
super atter of minutes. Electron Micrography re- 
ressom detail beyond the limits of visible light, 





in three years 
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still climbing ! 


men told a motor maker that a new, 
highly efficient, lightweight, easily 
machined crankcase couldn't be cast. 
One foundryman took a chance, was 
troubled with shrinkage in the mani- 
fold exhaust. 
successive castings uncovered weak- 
nesses. Seeing what was wrong, as 
the difficulties developed, made im- 
provement possible. Today, this one 
progressive foundry is the sole sup- 


PHOTO LAYOUT Cuts Tem- 
plate-Making Time 99%: 
Reproduces working draw- 
ings directly on metal, plas- 
tic, other sheet materials... 
with photographic speed 
and accuracy. Reproduce- 
tions can be made by con- 
tact or projection ... with 


unfailing precision ...great 


savings in time. 


PHY 


produ tion 


time, 


FUNCTIONAL PHOTOGRAPHY 


Analyzes ...improves...Records...Reproduces 


answers many hitherto unsolvable metallurgical 


Microradiography probes 


problems. 
surface microstructures. X-ray 


veals the “invisible” by diffraction patterns, aids 


the search for better materials, processes. In- 

strument Rec ording provides a record on film for if 
analysis and study of transient phenomena ,. 
Stress Analysis previews product performance $ 


X-ray inspection of 





ULTRA-SPEED PHOTOGRA- 
“Magnifies” 
Records motion too fast for 
the eye to follow .. 
mitting study and analysis 
of moving mechanical parts, 
chemical reactions, 
liquid flow... 
difficulties ... 
saving man-hours, 
materials 

















plier of all of the crankcases required. 
And so it goes. More and more 
companies are finding radiography a 


great help in meeting today’s rigid 
production schedules and high in- 
spection standards. They know that 
the higher quality and lower cost re- 
sulting from radiography will be 
reflected in increased opportunities 
tomorrow. Eastman Kodak Company, 


X-ray Division, Rochester 4, N. Y. 


RECORDAK Reduces Refer- 
ence Time Two-Thirds: 
Saving dollars, time, space, 
weight, that’s Recordak’s 
contribution to industry 
. reducing bulky blue 
prints, drawings, papers to 
tiny microfilm. Photograph 
Tt ally accurate full-size « op 
ies can be i ade 
ind in quantity 


quickly, 


Time: 


- per- 


ilt and 
smoothing 


mac hine 
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Diffraction re- ae 
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BRIDGE WIRE 





(Continued from page 496) 
Time extended to 40 months. Com- 
puted maximum stresses were from 
90,000 psi. to 216,000 psi. (“Yield 
strengths” of the materials tested 
were 170,000 to 190,000 psi.) 

No stress-corrosion cracks or 
failures occurred in any of the 
specimens exposed in distilled 
water although corrosive attack 


was very severe; it was of a local- 
ized nature in that rather large 
irregular areas were corroded more 
severely than some corresponding 
adjacent areas. The edges of these 
areas were very sharply defined, 
and within them the corroded sur- 
faces were comparatively smooth. 
In some of these localized areas 
near the water line the diameter of 
the wire was reduced nearly 50%. 

Likewise there were no stress- 
corrosion cracks or failures in 
0.01-N ammonium sulphate up to 31 
months, although there was equally 
severe corrosion. 





Sfeedfy \MERTS or NITROGEN by KEMP 
FOR PURGING—FOR BLANKETING —FOR PROCESSING 


Kemp Inert Gas Producers and Kemp Nitrogen Generators are available in standard models with 
capacities ranging from 1000 to 100,000 cubic feet per hour—larger sizes and special models built 


to order. 


Features on all models: Flexibility —gas production automatically responds to demand at any rate up 
to 100% of capacity, thus frequently eliminating need for gas-holders or accumulators to meet peak 
loads. Safety features include: electric ignition, safety-pilot, soft heads, and automatic shut-down in the 
event of (a) burner outage, (b) cooling water failure, (c) power failure, (d) fuel gas failure, and safety 
purging of unit on shut-down or before starting. Units may be furnished for either semi- or fully-automatic 


operation. 


Safeguard against explosion hazards from flammable vapors or explosive dusts with low-cost Inerts 


or Nitrogen from Kemp Generators. Write for engineering data, recommendations and quotations, 


Ask For Bulletin 901.3 


OTHER KEMP PRODUCTS 


Nitrogen Generators « Inert Gas Producers 


Atmos-Gas Producers « Immersion Heaters 


Fiame Arrestors for vapor lines, flares, etc. 


Address The C. M. 
Kemp Mig. Co. 405 E. 
Oliver St., Baltimore- 
2, Maryland. 


The Industria! Carburetor for premixing gases 
Submerged Combustion Burners 
A complete line of Industrial Burners, and Fire Checks. 


Metal Progress; Page 542 





vy 


- . 

Stress-corrosion cracks, very 
similar in appearance to the service 
failures at Portsmouth, occurred jp 
most of the specimens exposed to 
0.01-N solutions of ammonium 
nitrate and of sodium nitrate. Most 
of the cracks were quite wide at 
the top and were filled with cor. 
rosion product. It was not readily 
apparent, therefore, whether they 
were transcrystalline or intercrys- 
talline in these regions. In the 
innermost narrower parts, however 
particularly after they had assumed 
a diagonal course, they were defi 
nitely intercrystalline in nature. |; 
most cases the cracks produced i, 
the laboratory tests were located o; 
the convex side of the bowed speci 
mens, as would be expected sinc 
this side was in tension. In tw 
instances, however, cracks wer 
also found on the concave, or con 
pression, side of the bowed spec 
mens. It is possible that thesé 
cracks had already 
service when this part of the wire 
was in tension and were present i 
the wire as received. 

Only one of the 14 bowed spe 
mens of Portsmouth wire expose 
gin the nitrate solutions did not fai 
either by stress-corrosion « 
because of exceptionally sever 
localized pitting. This specime 
under a static stress of 90,000 psi 
the lowest used, was immersed fo! 
19 months in 0.01-N ammoniu 
nitrate solution without failure. Al 
the end of this period the specim 
showed little evidence of corrosive 
attack in the central portion a 
only slight localized pitting near 
the water line. 

A sample of heat treated MI 
Hope wire (stripped of its galvy 
nizing) was stressed approximate! 
to 183,000 psi. and develops 
numerous stress-corrosion 
after 3% months and failed aft 
five months’ exposure. This fra 
ture was quite different fron 
cold drawn wire, being transvers 
all the way across the wire. Th 
intercrystalline course of on¢ 
the cracks, particulariy in its inne! 
most part, is clearly revealed in th 
microstructure. 

These tests strongly support the 
idea that service failures in th 
Portsmouth bridge wires were dw 
to the effects of corrosion by dilute 
nitrate solutions combined with 
stresses much lower than would » 
produced merely by pulling th 
reeled wire out straight. An accep! 
able theory as to why certain sol 
tions attack grain boundaries 
selectively has not yet been pr 
posed nor does the author sugges 
one. Neither were the tests exte! 

(Continued on page 544 
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DO’S and DON'TS 


for 


Resistance Welding Machines 
and Operations 





Do’s 


Don’ts 


. 1. Clean and tighten all electrical connections in 1. Don’t permit flash particles to accumulate on 
- the secondary circuit regularly. the welding transformer. 
A — : : 
2. Protect welding transformer slides, bearings and a Never use poorly maintained resistance welding 
other parts from flash particles. equipment. 
3K ld 3. Do not use a long welder arm extension or a 
‘ _— > > » t . _ . . 
“_ ma as die - renee acs 0) es ae wide arm separation unless the parts to be 
permissible dimensions. eaitied mosssinane 06. 
4. Design welding fixtures and clamps with non- 4. Avoid placing or fastening steel parts or fixtures 
magnetic materials whenever possible. in the throat area of the welding machine. 
5. Lubricate the resistance welding machine, motor. >. Shun lubricants which are not recommended 
gears and slides at periodic intervals. by the welder manufacturer. 
6. Don’t use air operated machines when the oil 
6. Clean all air or oil filters regularly. ery ee , 
. owl In the air line is empty. 
: : 
7. Keep leather cup washers in air cylinders soft 7. Never permit oil or grease to come in contact 
and pliable with light motor oil. with the transformer winding, electrical wires, 
+ : or connections. 
8. Calibrate all pressure applying mechanisms so 
. . . R > > . " ‘ - - . » » 
that the exact welding pressure is always known. 8. Never permit sliding pre Source mn mbers to be- 
come too tight or jammed, since this will increase 
9. Use proper capacity welding machine for the job. the frictional forces and inertia of the moving 
; : , ; members. 
\ 10. Adjust the welding machine properly with the 
Se 7 j 9. Avoid using a low capacity welder for heavy 
current initiating devices so that the current > * — P 
‘ cycle is spaced midway in the pressure cycle. welding jobs. 
: ; : 10. Do not allow welding current to be applied 
11. Clean either chemically or mechanically all before full pressure is on work, or permit pres- 
material to be welded that has dirty, scaly, sure release before the welding current is cut off. 
oxidized or otherwise contaminated surfaces. 
ll. Never weld unclean metals, scaly stock. or 
12. Provide suitable fixtures for holding the work in metals with poor surface condition. 
position prior to applying electrodes. 12. Don’t use welding tips, wheels or dies to form 
13. Provide rigidity in the welder arms and holders or shape parts in the welder. 
‘ to prevent skidding of the electrodes, wheels 13. Never apply the electrodes to the work with a 


or dies under pressure. 


hard impact or hammer blow. 





DO increase production by using Mallory Standard Resistance Welding Electrodes 

spot welding tips and holders. Consult us for seam welding wheels, flash, butt 
and projection welding dies for your particular application. Write for your copy 
of the electrode catalog and the Mallory Resistance Welding Data Book sent 
gratis to resistance welding engineers when requested on company letterhead. 


P.R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 





Ine of a seriee—the 
Ure series mailed 
‘your request. 


Standard’ 
Resistance Welding Electrodes 





ry 
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VULCAN Furnaces 


For Fast, Accurate Heating and 
Heat Treating Operations 


The battery of three Car Hearth Furnaces illustrated above is typical of 
all VULCAN installations in advanced design, efficient, high-speed heat 
treatment, and economical operation and maintenance. Used for han- 
dling miscellaneous forgings and weldments, they are oil fired, with 
complete automatic control in two zones. Temperature uniformity of 
10° plus or minus is readily maintained. Cars and doors are motor 
operated. Doors are equipped with air operated clamps for sealing. 


Furnace No. 1, in foreground, is direct fired and used for annealing 
and normalizing at maximum temperature of 1700°. 


Furnaces No. 2 and No. 3 are convection heated and are used for 
normalizing at temperatures up to 1250°. Each is equipped with two 
high temperature fans. 


An imposing list of installations demonstrates the important part al- 
lotted to VULCAN Furnaces in the Nation's war effort, and of the high 
measure of success attending it. 


gy 


Ati her .\, Bee) ate) y-varel. 


1796 CHERRY STREET, PHILADELPHIA, PA. 


Although each VULCAN installation is engineered to meet spe- 
cific requirements, the cost is generally no greater than for stand- 
ardized equipment. Let us quote on your requirements. 
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BRIDGE WIRE 





(Starts on page 496) 

sive enough to determine whethe 
or not there is a lower limit ¢ 
imposed static stress below which 
failure of the bridge wire sample 
would not occur. At stresses lowe 
than the yield strength the time > 
exposure necessary to cause failyr 
seemed to increase considerably 
The lowest stress at which stres 
corrosion cracks were obtaine 
within a reasonable length of tim 
was 100,000 psi. It is possible 
however, that exposure for long 
periods, comparable to those whic) 
might occur in service, would cay 
failure at lower stresses. 

It should be pointed out that the 
stresses mentioned are the nominal 
static stresses imposed by bendi 
the wire. Because of the difficulty 
in evaluating the residual stress in 
a curved wire of small diameter, its 
possible presence was not take 
into account, and therefore th 
imposed stress may not be the true 
stress. It has been suggested that 
“acid embrittlement” has some rela 
tionship to stress corrosion, a! 
that the reason why it is so danger 
ous to immerse heat treated wire ir 
acidified cleaners (whereas coli 
drawn wire is relatively immune 
is that the very surface of heal 
treated wire is in tension. As 
matter of fact, cold drawing oper 
tions usually result in residua 
stresses whose distribution is suc 
that the surface of the drawn wir 
is in tension. As the Portsmout) 
wire was not heated after the las 
pass through the cold drawing dit, 
it is probable that the convex sid 
of the bowed specimens of this 
material was under some residual 
tensional stress in addition to th 
applied stress. In these cases th 
actual stress, therefore, might & 
considerably higher than the nom 
inal applied stress. The surface @ 
heat treated wires might be eithe 
in tension or compression, depent 
ing on the rate of cooling. As ® 
heat treated Mt. Hope wire 
both tempered and hot dip galt 
nized, it would be expected th# 
any residual stress resulting fro 
quenching would be large! 
relieved. Similarly, hot dip gal® 
nizing would act as a stress relie® 
ing treatment for the cold draw 
Mt. Hope wire which did not fal 
in the nitrate solutions. In thet 
cases it is probable, therefore, th# 
the applied stress was ver) nearly 
the true stress. 

















EAD FOIL LAPS 





Continued from page 508) 
particle size and must have the 
ethemmroper consistency. Most of our 
it fbolishing has been done with a 
shichmuspension having a range in par- 
nple@mmcle settling rate of from 1 in. in 
owe nin. to 1 in. in 10 min. It is well 
eliminate the finer particles as 
is those coarser than the 
‘ablymesired size range. An abrasive of 
tress proper consistency can be 
inedambtained by decanting the refined 
tim ited suspension until the volume 
sible supernatant liquid is equal to or 
yngeramwice the volume of the cake. 


ne 
tilure 


polishing may give a thin distorted 
layer at the surface which cannot 
easily be removed in final polish- 
ing, and the depth of the scratches 
will become uneven. 

4. At the first sign of scratch- 
ing foil should be replaced with a 
fresh sheet. If the depth of scratch- 
ing becomes uneven, the polishing 
can be continued on a fresh area of 
the sheet. (This is a considerable 
advantage over the cast lead lap, 
which must be remachined for 
comparable results.) 

Although the process has been 
used at Watertown principally as 
an intermediate step between 000 
metallographic paper and the final 
polishing operation, surface-ground 
specimens have occasionally been 
polished directly on lead, using “5 
to 10-min.” alumina suspension. 
(Particle sizes of abrasive which 
have been used successfully in the 
various steps range from those set- 
tling at 1 in. in 30 sec. to 1 in. in 2 
min., to those settling at 1 in. in 30 
min. to 1 in. in 50 min.) If desired 
the lead step with 5 to 10-min. 
abrasive may be followed by pol- 
ishing with the same suspension on 
a freshly scraped rotating wax 
wheel, using a little alcohol as a 
wetting agent, so as to leave a mini- 


mum of polishing to be done in the 
final polishing operation. Although 
not essential, this has been found 
advantageous for some purposes. 
(An alternative to the wax method 
is a second lead operation using a 
finer suspension: 1 in. in 20 min. 
to 1 in. in 40 min. This two-stage 
process has been used quite suc- 
cessfully in obtaining an extremely 
flat, scratch-free, distortion-free 
polish, almost completely eliminat- 
ing any rounding at crack edges.) 

The final polishing process pre- 
ferred for finishing specimens pre- 
pared on lead foil uses a water 
suspension of Gamal alumina on 
Gamal cloth, using alcohol free of 
abrasive particles as a moistening 
agent. (See the article by Anton 
L. Schaeffler on “Rapid Hand Pol- 
ishing of Micro Specimens” in 
Metal Progress for August 1944, for 
a description of “Gamal on Gamal’ 
process.) This method is more 
rapid than most other final polish- 
ing techniques, and lessens any 
susceptibility to pitting. It has been 
found that the time required for 
this final polishing operation is sel- 
dom greater than 1 min. (J. B. 
CoHEN, Associate Metallurgist, and 
J. H. Maker, Assistant Metallurgist, 
Watertown Arsenal) 8 





vhich 2. The area to be polished must 
cau left flat by the preceding opera- 
since only the area which 
at thelMuches the foil will be polished. 
minal 3. Each area of the lead sur- 
adits ce must not be used beyond the 
cultyMMoint of “saturation” with abrasive 
SS ilMMarticles. The lead becomes light 
rr, its y in color after a few strokes 
lakeind darkens as the polishing con- 
> thenues. If the specimen is polished 
true ne area after the lead surface 
thalas become darkened, the type of 
relating action changes. Further 
a 
nger 
ire 
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“ERCHANTS BANK BUILDING 


for Electroplati 


ng and 


ytic Process©® | 





RIZERS~ 


CHAR PRODUCTS COMPANY 


INDIANAPOLIS 


oth er Electrol 





Columbia Cenerators embody every feature essential 
for dependable, 24-hour operation. They are built 
for electroplating service in sizes of 6 to 20 volts, 
500 to 20,000 amperes, for anodic treatment of 
aluminum in sizes of 40, 50, and 60 volts, 500 to 
3,000 amperes. Columbia Generators for other 
electrolytic processes range from z to 250 KW, 
100 to 40,000 amperes, 6 to 60 volts. 

Prompt shipment can be made on any type and 
size. Write for full information. 


COLUMBIA ELECTRIC MFG. CO. 
4519 Hamilton Ave., N. E. » Cleveland 14, Ohio 
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Made In 3 Types 
and 9 Sizes 
200 Ibs. to 5,000 Ibs. 


93 Capacitrols 
for Geo. Ne molaicli 


rung ae 
ey 


Featuring furnaces up to 
22'-6" long, Geo. H. Porter 
Steel Treating Company, 
Cleveland, Ohio, is equipped 
to handle heat treating of a 
wide range of work, with tool 
steel a specialty. 

In addition to standard 
types, a number of special 
furnaces are in operation— 
developed by Lee Wilson in 
collaboration with engineers 
of the company. 


To meet the requirements of 
highest dependability in fur- 
nace temperature control, 23 
Wheelco Capacitrols (both 
surface and Universal types) 
have been installed. 

IN ALL INDUSTRIES requir- 
ing temperature control, 
Wheelco provides the finest 
obtainable instruments for 
protecting big investments in 
materials and equipment. 





Wheelco Universal type Capacitrol, 
providing any combination of in- 
dicating control or signalling. 


Ask for Bulletin D2-4, 


CONTROLS 


A complete line in- 
cluding Flame-otrol com- 
bustion safeguards 
Capacitrol pyrometer 
controllers Indicat- 
ing pyrometers 
Proportioning controls 
Program controls 
and a wide range 


of accessories 


WHEELCO 


INSTRUMENTS COMPANY 
835 W. Harrison St. Chicago 7, Ill. 


CHAMBERSBURG PNEUMATIC FORGING 
HAMMER (Motor Driven) 
Self-contained motor compressor and hammer 
in one unit. Anti-friction bearings, clean, low- 
center-of-gravity construction, improved long 
ram guides are valuable features. Its greater 
forging output is due to its heavier anvil con- 
struction, higher impact speeds and greater 

rapidity of blows. 
Further details in Bulletin No. 1275 
CHAMBERSEURG ENGINEERING CO., CHAMBERSBURG, PA, 














Alloy Steels for Victory 


Scientifically selected to conserve 
critical alloys and meet the require- 


ments of the AIRCRAFT, ORD- 
NANCE, and MACHINE TOOL 


industries. 


Complete “EARMARKED” stocks 
of Aircraft alloy steels at Buffalo and 
Detroit. 


WHEELOCK, LOVEJOY & CO., INC. 


138 Sidney Street, Cambridge 39, Mass. 


CLEVELAND 14, - CHICAGO 23, - NEWARK 5, - DETRO!! 3 


BUFFALO 10, - CINCINNATI 32 
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POT TESTS 








(Continued from page 510) 

b) If the acid reacts slowly to 
Wbrown-black color, the material 

either ordinary steel, low alloy 

lor cast iron. 

c) If no reaction occurs, the 

terial is chromium-iron stainless 

rritic or martensitic alloy). 


Procedure B; for 
Slightly Magnetic Materials 


Place a drop of concentrated 
ric ecid on a cleaned area. 
a) If the acid reacts to a green- 
color, monel is indicated. 
b) After reaction has ceased, 
d one or two drops of water, 
merse an iron nail or steel knife 
nde in the drop and in contact 
th the test sample. If the nail or 
ife blade becomes coated with 
pper, or if a copper deposit 
| pears on the material being 
G ted, the latter is monel. 
(c) If no reaction occurs, the 
pierial is heavily cold-worked 
PS romium-nickel stainless steel 
ustenitic alloy, with some mag- 
tic martensite formed by the cold 
- rk). 


Procedure C; for 
Non-Magnetic Materials 


Place a drop of concentrated 
nitric acid on a cleaned area. 

(a) If the acid reacts rapidly to 
a blue-green color, the material is 
nickel silver or copper-nickel. 

(b) If the acid reacts to a green- 
blue color, the material is “K” 
monel or “S” monel. The form of 
the material will assist in identifi- 
cation since “K” monel is never 
cast and “S” monel never wrought. 

(c) If the acid reacts to a 
brown-black color, the material is 
Ni-resist. 

(d) If no reaction occurs, the 
material may be either inconel or 
austenitic chromium-nickel stain- 
less steel with or without molyb- 
denum. To distinguish between 
these two: Place on the sample a 
few drops of a solution containing 
10 g. of cupric chloride (CuCl,: 
2H:.O) in 100 cc. of concentrated 
hydrochloric acid and allow it to 
stand for 2 min. Then slowly add 
a few drops of water, one drop at 
a time, and finally wash off the 
solution. If a copper-colored spot 
remains the material is chromium- 
nickel stainless steel with or with- 
out molybdenum; if an uncolored 
etched spot remains, the material is 








inconel. In case of doubt confirm 
by placing 1 drop of concentrated 
hydrochloric acid on a clean sur- 
face and allow it to react for 1 min. 
Then add 1 drop of an acid ferri- 
cyanide solution containing 1% by 
weight of potassium ferricyanide, 
'K;Fe (CN).] and 10% by weight of 
sulphuric acid. If a dark blue color 
appears quickly, the material is 
chromium-nickel stainless steel 
with or without molybdenum; if 
no color develops it is inconel. 
(e) A distinction may be made 
between types 316 and 317 stainless 
steel, which contain molybdenum, 
and the plain chromium-nickel 
types 302 and 304, by immersing 
the alloy in a water solution con- 
taining 75% by weight of ortho- 
phosphoric acid (H,PO,) and 1 to 
30 g. per liter of common salt 
(NaCl) at 140 to 200° F. If the 
stainless steel does not contain 
molybdenum (types 302 and 304) 
bubbles of hydrogen will begin to 
form within 30 sec. If the alloy 
contains molybdenum (types 316 
and 317) bubbles will not form. 
The quantity of sodium chloride 
and the testing temperature are not 
critical within the limits indicated. 
(W. A. MupGe, Development & 
Research Division, International 
Nickel Co.) rs) 





by H. J. French 


important and timely. 
today. 


275 pages . 







$4.00 
Published by 


791 Euclid Avenue 





Alloy Constructional Steels 


In Charge of Alloy Steel and Irom Development 
International Nickel Co. 


Mr. FRENCH’s lectures on “Alloy Construc- 
tional Steels” were so well received at the 
recent Western Metal Congress that they 
were reproduced in book form. 

This 275-page book covers alloys in com- 
mercial steels—why alloy steels are used— 
selection of alloy steels—typical commercial 
uses—commercial steels and manufacturing 
variables—high alloy steels—wear—how al- 
loying elements may affect corrosion of 
steels—processing and special treatments. 
In a time when much of our steel is being 
used for construction, the valuable informa- 
ton contained in this book is particularly 
Order your copy 


. . 9 illustrations 
...6” x 9” ... Cloth binding 


American Society for Metals 


Cleveland 3, Ohio 
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CHACE MANAGEMENT COUNSEL 
Thermostatic Qe 


BIMETAL 


| 


JOSEPH C. LEWIS 
President 


Mr. Lewis has been active in management and indys. 
trial engineering fields for the past twenty years. He 
was formerly president and general manager of a ng. 
tionally known electrical products manufacturing com. 
pany, general manager of a leading home appliance 
manufacturing organization and vice president and 
plant manager of a large stove and furnace manufac. 
turing company. He was associated with an established 
consulting management engineering firm as executive 
vice president. Mr. Lewis is the founder of Associated 
Engineers, Inc 


* Industrial Engineering * Wage Incentive 

* Methods * Architecture 

* Work Standards and Costs * Structural Engineering 
* Job Evaluation * Civil Engineering 


ASSOCIATED ENGINEERS, Inc 


230 East Berry Street Fort Wayne 2, Indiam 








35 types of Chace 


Thermostatic Bimetals in sheets, A CAN MAKE A 
strips, shapes to specifications, and Vase (A CSS BIG DIFFERENC 


sub-assemblies are being supplied 


Let an accurate Dillon Dynamometer handle the various weighin 
2 a problems in your shop. Ideal for quick spot checking at inventc 
to manufacturers for use in vital time or when production materials must be weighed. Measure 
only 8%, x6 x3 . 9 capacities: 0-500 Ibs. up to 0-20,000 ib 


all reasonably priced. Write for technically illustrated catalos 


instruments and controls for 

5420 WEST HARRISON ST 
W.C. DILLON & CO., ME. CHICAGO 44, LL. U.S. A, 
Accurate - Dependable 


ee 


planes, ships, tanks and trucks. 


Chace is always ready and anxious 
to cooperate with you on any 
problems pertaining to actuating 
elements for temperature respon- 


sive devices. 


wa CH ACE co 


Clarers f 
Thermostatic Bimetals and Special Alloys 
1626 BEARD AVE + DETROIT 9, MICH. 
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